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HERE is a certain passive resistance among the medical profes- 

sion to the consideration of evidence that arteriosclerosis is 
other than a wear and tear disease. This is understandable in the 
older group of medical men, one of whom characterized the lesions of 
arteriosclerosis as “just rust.” It is more difficult to account for in 
younger men engaged in progressive medicine. In the early period of 
medical history the thickening and calcification of the arterial walls in 
the aged was looked on as a natural phenomenon. The occurrence of 
such changes in younger persons was considered as due to more effective 
wear and tear. This obsession was not seriously disturbed when Vir- 
chow,’ in 1856, called attention to the form of arteriosclerosis with fatty 
lesions. It was not until 1904 that Marchand * gave this form a name, 
“atherosclerosis.” The studies of Aschoff * demonstrated that the fatty 
lesions contained crystals, which were found to be those of crystalline 
ester cholesterol. This opened the door for nutritional studies by 
the Russian school. These studies began to be successful when athero- 
sclerosis was produced in rabbits by feeding them egg yolk. Finally 
Anitschkow and Chalatow* produced the disease by feeding rabbits 
cholesterol in oil. This work was not accepted, largely because of the 
influence of Aschoff, who had adopted Virchow’s “imbibition” theory. 
lhe “imbibition” theory makes cholesterol an agent secondary to the 
wear and tear caused by the constant flow of blood on the arterial 
intima. Aschoff * was in doubt whether the relation of the crystalline 
esters to the lesions was causal or casual, and his publications dampened 
interest in the cholesterol factor. 


It is now generally accepted that crystalline ester cholesterol is 


constantly present in the active lesions of atherosclerosis. 
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In the intervening years evidence has been presented: (a) that 
crystalline ester cholesterol is an irritant comparable to silica in pro- 
voking the growth of fibrous tissue"; (b) that atherosclerosis is 
apparently prevented in the arteries of youth by the removal, before 
lesions are produced, of crystalline esters already deposited in the 
arterial intima ®°; (c) that atherosclerosis appears in the cholesterol-fed 
rabbit after a long latent period during which excess esters in crystal- 
line form are precipitated in liver cells in increasing amounts ; are taken 
over by Kupffer cells, that escape from the sinusoids when loaded, 
traverse the lungs and carry the esters into the subendothelial layer of 
the arterial intima “*; (d) that the lesions of the coronary arteries and 
of the myocardium of the rabbit fed cholesterol are particularly com- 
parable to the lesions observed in human coronary arteriosclerosis ‘ ; 
(e) that the sequence of lesions and their relation to crystalline ester 
cholesterol can be followed in the human aorta from beginning inva- 
sion of cholesterophages to advanced fibrosis, scarring, necrosis and 
calcification **; (f) that thyroid function controls cholesterol metabo- 
lism * ; that if thyroid function is lowered by the use of thiouracil, athero- 
sclerosis can be produced in the highly resistant dog by feeding 
cholesterol.® 

Observations indicate that atherosclerosis is almost exclusively a 
human disease among mammals.’® It is necessary to descend the 
scale to the birds, particularly to the domestic fowl (over 6 months old. 
fed for market), to find the disease occurring naturally and com- 
monly.** The disease is readily produced experimentally in young 
chickens by feeding cholesterol.’ 

\t this point it is in order to indicate what is meant by the term 
“crystalline ester cholesterol.” There occur in the cells of the normal 
adrenal cortex under polarized light brilliant granular points which 
are seen to be minute spheroidal crystals that show Maltese cross 
markings. If a frozen section of the organ is heated and gently 


compressed these crystals can be set free from the cells as fine droplets 
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of a semifluid material which tend to fuse together into larger crystals 
with the same markings. There is general agreement that these are 
cholesterol ester crystals. This is also true of the similar crystals found 
less constantly in the interstitial cells of normal testicles and the cells 
of corpora lutea. In the cholesterol-fed rabbit hypercholesteremia will 
be followed by the esterification and deposition of crystalline ester 
cholesterol in the animal’s liver, from which it will be removed by 
scavenger cells and deposited in the arterial intima. Pressure on 
frozen sections of the intima harboring these cells will set free 
typical spheroidal crystals with the same markings, which fuse into 
larger crystals, just as happens with the cells of the adrenal cortex so 
treated. Moreover, where the arterial deposits of these cells become too 
large to be supplied adequate nutrition and physical support, massive 
necrosis of cells will occur, the spheroidal crystals will be set free, the 
esters will be split, the fatty acids absorbed, and there will remain in 
the detritus of dead cells typical elongated rhomboid solid crystals of 
cholesterol. In atherosclerosis in man similar deposits of crystal-bearing 
macrophages will occur in atherocheumas, and mass necrosis will be 
followed by the deposit of typical solid cholesterol crystals in the debris 
of dead cells. These crystals are unlike crystals of other substances met 
with in the animal body. 

From the chemical point of view the objection is raised that the 
spheroidal crystals which are present in the lesions of atherosclerosis 
may not be actually cholesterol ester crystals. What is the reason for 
this objection? According to Lison,"* the attitude of the chemist has 
been negativistic with reference to the value of histochemical studies 
of the lipids. It has been found that cerebrosides and phosphatides may 
produce spheroidal crystals which cannot be differentiated morphologi- 
cally from the crystals found in atherosclerosis or, for that matter, 
from the crystals found in the adrenal cortex. Through the courtesy 
of Dr. S. J. Thannhauser and the Thannhauser Laboratory, examples 
of cerebrosides, sphingomyelin and hydrolecithin were obtained. When 
heated with sodium oleate solution the cerebrosides produced spheroidal 
crystals in quantity, the sphingomyelin produced few crystals and the 
hydrolecithin rare crystals. How likely are these substances to interfere 
with conclusions concerning the reactions found in the cholesterol-fed 
rabbit or with those concerning the atherosclerotic findings in man? 
Cerebrosides arise largely in nerve tissue, tend to be fixed in cells and 
are mobilized in quantity (kerasin) only in the rare Gaucher’s disease. 
Similarly, sphingomyelin is likely to be mobilized in quantity only in 
rare congenital familial Niemann-Pick disease. Moreover, the cerebro- 
sides and sphingomyelin or lecithin require union with fatty acids 


before spherocrystals are produced. It is recognized that, apart from 


13. Lison, L.: Histochemie animale, Paris, Gauthier-Villars, 1936 
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neutral fats, almost all the intracellular fatty acids are present in 
cholesterol esters. By no possibility could esters of other lipids leave 
in the tissues a residue of solid cholesterol crystals when the esters are 
split. At best they might be mixed with true cholesterol ester crystals 
as diluents, but they could not affect the fundamental specificity of the 
crystalline ester cholesterol in its relation to the lesions of atherosclerosis 
in man or in the cholesterol-fed rabbit. It is a reasonable deduction that 
the substance which closely duplicates the spheroidal crystals of the 
adrenal cortex (accepted as crystalline ester cholesterol) and which 
yields characteristic solid crystals of cholesterol when the cells carrying 
it break down is entitled to be referred to as crystalline ester cholesterol. 
rhe crystals are called crystalline cholesterol esters to distinguish them 
from esters in the blood which have less birefringence, if any. 

In my experience, studies of material in a service dealing with deaths 
by violence and sudden deaths disclosed that, with due allowance for 
syphilitic occlusion of coronary orifices for rheumatic or infectious arter- 
itis, for thromboangiitis obliterans and for periarteritis nodosa, athero- 
sclerosis is responsible for at least 90 per cent of coronary arterial disease. 
The clinical approach to coronary disease was based until recently on the 
belief that all arteriosclerosis was a wear and tear disease, inevitable 
and incurable. All efforts were expended on the improvement of 
methods of diagnosis. With the advent of the electrocardiogram, ques- 
tions of the etiologic factors of the disease were given a little attention. 
Recently, as information increased, the possibilities became probabilities 
that atherosclerosis is a specific disease. The present situation demands 
demonstration, beyond reasonable doubt, that cholesterol is, or is not, 
its cause. It is almost unnecessary to say that any hope of removing 
atherosclerosis from the group of inevitable, incurable diseases must 
arise from studies of the cause and the method of action of that cause. 
Fortunately, from this point of view atherosclerosis is a chronic, inter- 


mittently progressive disease. It is possible to put together, in orderly 


sequence, what Sydenham referred to clinically as the footsteps of 
disease. Studies of atherosclerosis, particularly of coronary lesions, 
supply data as to how the causative agent produces its effects and permit 
recognition of the relation of the terminal phases of the disease to that 
agent after it has disappeared from the lesions. 

3ecause of the intricate character of the cholesterol molecule, which 
Schoenheimer (to whom present investigators owe much for basic studies 
on cholesterol) classified as one of the most complex substances occur- 
ring in the animal body, chemistry has had little to offer in the solving 
of the atherosclerotic problem. The use of isotopes may be helpful, but 
the striking characteristics of crystalline ester cholesterol permit it to be 
identified and followed in its transport until it is deposited in new sites 
in the tissues, without the use of isotopes. 
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It is desirable at this time to review with more complete evidence 
and with wider knowledge of the characteristics of crystalline ester 
cholesterol the etiologic relation of this substance to human and experi- 
mental atherosclerosis. 

Cholesterol is distributed universally in the cells of the human and the 
animal body .and is particularly abundant in brain and cord (myelin) 
and fat tissue. It is probably in organic combination in the cells, for the 
most part, and is not visible under polarized light with ordinary 
equipment, because of its low birefringence, if any. Crystalline esters and 
solid crystals, on the contrary, are strongly birefringent (fig. 1.4). In 
the normal human body, crystalline esters are found in the adrenal 
cortex and (not constant) in the interstitial cells of the testicle and the 
cells of corpora lutea. 

Under pathologic conditions, crystalline ester cholesterol is precipi- 
tated focally when tissues rich in cholesterol, notably brain and cord 
and fat tissue, undergo necrosis. It occurs within tubular epithelium 
in the kidney in glomerulonephritis, in rare fatal lipoid nephrosis, in 
certain adult renal tumors and in other new growths under various 
conditions. It is found in macrophages in Hand-Schiller-Christian 
disease and the related Letterer-Siwe disease. Excessive cholesterol in- 
take or inadequate cholesterol metabolism, or both, may give rise to ex- 
cessive deposits in macrophages of crystalline ester cholesterol in the 
subendothelial layer of the arterial intima or to more diffuse deposits, 
as in xanthomas. 

In my experience, studies of human tissues and of tissues of 
experimental animals have demonstrated that in frozen sections of 
fresh tissue or of tissue recently fixed in formaldehyde solution there 
will ordinarily appear only two forms of strongly anisotropic crystals, 
i.e., crystalline ester cholesterol and fat crystals. Solid cholesterol 
crystals may be found in advanced lesions of arteries and in xanthomas. 
The term “fat crystals” is used without reference to the chemistry of the 
crystals, concerning which, according to Lison,’* there is considerable 
doubt. The commonest examples occur within fat drops in fatty cells. 
They are made up of needle crystals, frequently bundled into sheaves 
(fig. 1B). Moderate heating of the slide causes these crystals to 
disappear, to reappear as the slide cools. On the other hand, crystalline 
ester cholesterol is brought out more clearly by heating. Too high 
temperature or too long exposure will affect even crystalline ester 
cholesterol. Sometimes cholesterol crystals appear in needle forms, 
particularly after tissues have been fixed in formaldehyde solution or 
frozen for section work. Heating may reconvert the rod forms into 
typical spheroidal crystals. In tissue kept in acid formaldehyde solution 
or for long periods in neutral formaldehyde solution a multiplicity of 
varied crystals may arise .with no typical crystals, and reconversion 
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Fig. 1—A, cholesterol ester crystals extruded from cholesterophages into the 
lumen of an advanced human coronary lesion with a small active focus. Unstained 
frozen section; xX 350. The large masses are globuies compressed between slide 
and cover slip that have lost symmetry 


B, fat crystals in drops of fat in fat cells. Unstained frozen section of human 
epicardial fat; « 350. 


C, Kupffer cell lying in a sinusoid of rabbit's liver. Paraffin section of tissue 
fixed in Zenker’s solution, stained with Mallory’s phosphotungstic acid—hema- 
toxylin; « 800 


D 


solid cholesterol crystals in fibrotic intima of a coronary artery (see text) 
Unstained frozen section under polarized light; « 30 
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by heat is impossible. It follows that for the study of crystalline ester 
cholesterol and its relation to disease it is necessary to use sections 
of fresh tissue or tissue fixed in neutral formaldehyde solution for 
short periods. 

Crystalline ester cholesterol provokes phagocytosis. The crystals 
are rarely found as free bodies. They are engulfed by macrophages— 
Kupffer cells if they are precipitated in the liver and histiocytes if they 
are set free in other tissues. In both types of cells the esters are divided 
into minute globules, 1 to 3 microns in diameter, as they are engulfed 
and are then distributed evenly throughout the cytoplasm of the macro- 
phage. The cells have a finely granular appearance under polarized 
light. 

In the embedding of tissues in paraffin or celloidin (a concentrated - 
pyroxylin), the defatting process extracts crystalline ester cholesterol 
with other lipids, and the cholesterophages become typical foam cells 
(fig. 1 C). Solid crystals, as stated, occur in tissues in which cholestero- 
phages have undergone necrosis en masse. They represent end products, 
not readily dissolved, tending to persist in tissues for long periods. As 
an irritant they provoke a fibroblastic reaction, sometimes with formation 
of giant cells. 

Figure 1 D shows a lesion of a coronary artery of a man, M. P., 45 years of age, 
who collapsed in the shipping room at his place of employment. He was removed 
to a hospital and on arrival was pronounced dead. He was 5 feet 7 inches (170 cm.) 
tall and weighed 180 pounds (81.5 Kg.). He had not seen a doctor but had com- 
plained of indigestion and was seen buying “tums” (a preparation containing calcium 
carbonate, magnesium carbonate, magnesium trisilicate, oil of peppermint and sugar) 
in a drugstore at noon on the day he died (at 4 p.m.). Autopsy disclosed a heart 
weighing 400 Gm. with distended cavities filled with “currant jelly” clot and fluid 
blood. The left coronary artery and anterior descending branch showed thickening 
of the wall-almost to occlusion 3 cm. below the orifice. In the circumflex branch 
and the right coronary artery there was thickening of the wall, but the lumen was 
free and of moderate size. In the myocardium there was no gross evidence of 
fibrosis, and the microscope revealed only focal lymphoid cell infiltration about some 
vessels. Other organs were not remarkable except the liver, which weighed 2,860 
Gm. and was rich in fat, with early periportal fibrosis and lymphoid cell infiltration 
The coronary lesion was marked by fibrosis with broad collagen bands beset with 
typical solid crystals of cholesterol. The picture suggests repair of an atherocheuma. 
Death was due to coronary insufficiency. 


As described in an earlier publication, the long latent period, after 
the beginning of cholesterol feeding in the rabbit, before visible arterial 
lesions appear has permitted detailed studies of the early progressive 
stages of the experimental disease. Certain phases of this development 
need to be emphasized. Cholesterol is the only known agent which will 
cause atherosclerosis when fed to rabbits, chickens or dogs. (For 


discussion of other substances, introduced intravenously, see “Comment,” 
page 25). Cholesterol or animal cholesterol freely passes the intestinal 
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barrier. Most vegetable sterols cannot pass this barrier (Schoenheimer), 
with ergosterol the exception to the rule. The source of dietary choles- 
terol is the animal fats, including milk fats, egg yolk, lard and brain 
and cord. In liver cells the esterification of cholesterol is a normal 
function, recognized by Thannhauser and Schaber™* in 1926. The 
depositing of visible esters in liver cells, as in the rabbit, is due appar- 
ently to cholesterol in excess, and is the first lesion to appear (after 
hypercholesteremia) in that animal. Figure 2 4 illustrates the distri- 
bution of fat-staining material in the rabbit’s liver. The process begins 
in the cells of the centers of lobules and spreads toward the peripheries of 
the lobules as the material accumulates. In figure 2 B, this fat-staining 
material is seen to be crystalline ester cholesterol by polarized light, 
in a relatively early stage of deposition. 

The functioning of the Kupffer cells in the removal of the excess 
crystalline ester cholesterol is remarkable. The basic function of these 
cells is the removing of particulate foreign bodies from the circulating 
blood. Experimental studies of the process of foreign body removal have 
been carried out with many varieties of particulate matter, which was 
injected intravenously in suspension. The work of Beard and Rous * 
is most informing. It disproved the belief that Kupffer cells were 
attached to the sinusoid wall by tenuous, easily broken connections. 
Efforts to wash these cells out of the sinusoids of the normal rabbit’s 
liver in quantity were not successful. On the other hand, washings 
were rich in cells when’ the cells had taken up foreign bodies. Studies 
disclosed that the cells were large, with an immense capsule-like circular 
membrane that might reach a diameter of 100 microns; that the cells 
were very sticky, tending to adhere to one arother or to other cells, and 
causing anything with which they came into contact to adhere to their 
surfaces; that they thrived best in culture when lens paper, to which 
they could cling, was introduced into the culture fluid."* In a word, 
the cells were large, were capable of great increase in size, were sticky 
and tended to cling to other structures. 

In experimental atherosclerosis there are no demonstrable foreign 
todies in the blood stream. The removing of ester crystals from the 
liver cells is a reversal of standard practice. In figure 2 C, illustrating 
a quite advanced hepatic deposit of crystalline ester cholesterol, the 
cleancut character of the vacuoles that had contained crystalline ester 
cholesterol is manifest: These vacuoles may be 10 or more microns in 
diameter, in contrast to the minute vacuoles that occupy the Kupffer 
cells. The engulfing of crystalline ester cholesterol piecemeal in minute 
droplets from the large drops in the liver cells is probably facilitated by 
the semifluid consistency of the material. 


14. Thannhauser, S. J., and Schaber, H.: Klin. Wehnschr. 5:252, 1926. 
15. Beard, J. W., and Rous, P.: J. Exper. Med. §9:593, 1931. 
16. Rous, P., and Beard, J. W.: J. Exper. Med. 59:577, 1931. 





Fig. 2.—A, frozen section of a liver lobule of a rabbit stained with sudan IV; 
x 90. 


B, frozen section of a liver lobule of a rabbit, unstained, under polarized light; 
x Cc . 


C, liver of rabbit fed cholesterol—advanced lesion. Vacuoles that contained 
crystalline ester cholesterol are sharply outlined. Compare the size of these vacuoles 
with the fine droplets in the cholesterophages in the dilated sinusoids. Zenker 
solution fixation; paraffin section; Mallory’s phosphotungstic acid—hematoxylin 
stain; x 350. 

D, cholesterophage in a pulmonary artery. Frozen section stained with sudan 
IV and hematoxylin; x 600. 

E, cholesterophages i in transit through lung capillaries. Note two resting cells, 
a and 6; a cell, x, following a kink in a capillary, and portions of other cells 
coming into the plane of section. Zenker solution fixation; paraffin section; 
Mallory’s phosphotungstic acid—hematoxylin stain; x 350. 
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The scavenger function of the Kupffer cells requires that the crystal- 
line ester cholesterol be removed from liver cells to new sites of deposit. 
The avenues by which the scavenger cells may escape from the sinusoids 
are the blood and lymph channels. In the early stages the cells are 
delivered into the circulation almost exclusively through the blood 
vessels, as would be expected. In figure 2 D such a cell with fat-stained 
contents is seen lying free in the pulmonary artery of a rabbit. If the 
sinusoids become plugged with swollen Kupffer cells, these will escape 
through the liver tissue to the lymphatic channels in the periportal con- 
nective tissue. Indeed, in the clearing of liver cells of crystalline ester 
cholesterol after cholesterol feeding has been stopped, lymphatic channels 
may arise about the central veins in some cases. 

The passing of Kupffer cells through the capillary system of the 
lungs needs little comment. The wide, poorly supported capillaries 
offer open conduits to cells whose ameboid activities can carry them 
through the interstices of solid tissue. Rarely obstruction may arise 
behind occluding cells and a capillary infarct be produced. Figure 2 FE 
illustrates the lung transit. Two resting cholesterophages (a and b) 
have withdrawn their processes and have ballooned out capillaries or 
small veins. Elsewhere a phage has elongated itself and is following 
a kink of a twisting capillary (+). Portions of other phages (arrows) 
lie in the plane of the section. 

It would seem that the loaded Kupffer cell has but to release itself 
from the sinusoidal wall to enter freely a hepatic vein. The variation 
in the number of cholesterophages found in the lungs of rabbits during 
the period when these cells should be passing through these organs 
throws doubt on this thesis. During most active passage it was apparent 
that the transit was made by the cells in showers. Figure 3.4 shows 
massed cholesterophages at the junction of pulmonary veins. Between 
showers there were found few cells, apparently left over in backwaters 
from previous mass passages. A central mechanism which relaxes 
sinusoidal walls would best account for the conditions observed. 

As the Kupffer cells pass through’ the lungs, there is a shrinkage 
in the size of the cells with loss of crystalline ester cholesterol (fig. 3 4). 
After the invasion of the subendothelial layer .of the intima the cell 
content of crystalline ester cholesterol is reestablished in a manner which 
is not clear. 

The freed Kupffer cells find themselves in a closed system of vessels, 
pulmonary or systemic. Whether they are delivered from this system 
is dependent on the efforts of the cells themselves. Some escape from 
the capillaries of the lung into the alveoli in passage, but the number is 


small. Practically all the escaping cells appear to make their way out 


of the blood-stream in the thick-walled portions of the arterial system. 
Their primary evasion, however, is only subendothelial, and they tend to 





Fie 
Fig. 3.—A, junction point of veins in a lung of a rabbit containing cholestero- 
phages. Zenker solution fixation; Mallory’s phosphotungstic acid—hematoxylin 
stain; «k 350 


B, cholesterophage clinging to the wall of a rabbit’s pulmonary artery and lifting 
the edge of an endothelial cell (see text). Frozen section; sudan IV and hema- 
toxylin stain; x 500 


C, 


row of cholesterophages under the endothelium of a rabbit aorta. 


Paraffin 
section; Zenker solution fixation; stained with Mallory’s phosphotungstic acid- 
hematoxylin; x 120 


D and E, solitary cholesterophages from a human aorta: JD shows an early 
stage with a hump; &, a later stage, more deeply located. Frozen sections; sudan 
IV and hematoxylin stain; x 300. 


Below D and E is a row of cholesterophages in the subendothelial layer of a 
human aorta as seen under polarized light; x 200. 


F, cholesterophages lying under the endothelium of a human aorta. Frozen sec- 
tion; hematoxylin and sudan IV stain; « 400. 
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remain within the intima as this increases in thickness in atheroscl rosis. 
Occasional invasion of the media is met with in the coronary artery and 
is more common in advanced aortic lesions, notably atherocheumas. 

The regions in which early lesions are most favored in the experi- 
mental rabbit and man are the ascending aorta, the epicardial portions 
of the coronary arteries, the regions surrounding the orifices of vascular 
branches, and the points of branching. Lesions of the ascending aorta 
are very common in man but are usually temporary. They occur as pin- 
head processes that may spread superficially but rarely progress to 
advanced lesions, since the crystalline ester cholesterol is removed from 
the macrophages by fibroblasts before permanent lesions result. 

Gordon ** has called attention to the possibility that the pulsatile 
intermissions of the arterial blood stream are related to the localization 
of atherosclerotic lesions. Where the flow is continuous, the blood 
stream is made up of an outer peripheral zone containing plasma without 
cells and a central axial zone containing cells in concentration. Cohn- 
heim demonstrated the vascilar changes in inflammation by exposing 
the mesentery of the frog to air under the microscope and more focally by 
point cauterization of the frog’s tongue. Congestion with dilatation of 
vessels and slowing of the current abolished the zones in the blood 
stream, brought the leukocytes into touch with the vascular endothelium 
and thus enabled them to escape from the blood vessels. In the focal 
processes in the tongue it was evident that damaged tissue or the prod- 
ucts of such damage were responsible for the call, the chemotaxis, that 
brought the leukocytes out of the vessels and through the tissues to the 
region of injury. However, the escape of cells was limited largely to the 
venules, veins and capillaries. Paradoxically the escape of Kupffer 
cells occurs in thick-walled arteries. Though chemotaxis has been 
suggested as the agency responsible for their escape, it does not explain 
what actually occurs. 

The sites at which cholesterol-loaded cells accumulate in the arterial 
intima are in regions where the continuity of the zonal type of flow is 
interrupted. In the ascending aorta with the closure of aortic cusps 
there is a momentary, practically complete stoppage of the flow. In the 
epicardial portions of the coronary arteries the flow is slowed in systole 
because the contracting ventricles, particularly the left, are compressing 
the muscular branches, which are thus prevented from receiving blood. 
Meantime the epicardial branches are distended with blood under systolic 
pressure. The resulting slowing of the blood should be great enough to 


overcome zonal flow. At the orifices of branches swirling currents 
arise which interrupt the zoning and at branching points splitting 


of the stream must interfere with the zonal flow. In short, the 


17. Gordon, I.: Arch. Path. 49:247, 1947. 
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sites favoring early atherosclerotic lesions are regions in which inter- 
ference with or interruption of the zonal flow permits the cholesterophages 
to make contact with the intimal endothelium. 

Contact with the endothelial surface having been made, there come 
into play the stickiness, the clinging qualities and the ameboid powers of 
the Kupffer cells, which cling to the wall under difficulties. The passing 
blood tends to wash them off the wall. As it streams by, it flattens and 
elongates the cells. Relief can come only by their escaping from the 
current. Figure 38 illustrates an early stage in the invasion of the 
intima of the pulmonary artery of a cholesterol-fed rabbit. A Kupffer 
cell is clinging to the arterial wall. Its body is being compressed and 
stretched by the circulating stream. The cell appears to be prying up 
the edge of an endothelial cell, whose nucleus is seen to the right. The 
nucleus of the cholesterophage is along its left border. The cell contents 
are deeply colored by the fat stain. The lumen of the artery contains 
largely platelets. 

Gordon ** has expressed the opinion that the pressure of the blood 
pushes the cells as passive agents through the endothelial layer. To one 
who has studied loaded cholesterophages passing through the dense 
human or rabbit derma in xanthoma the claim that other powers than 
those possessed by the cholesterophage are needed to propel it into 
the subendothelial layer seems unfounded. A glance at the escaping 
cell of figure 11 will make evident that the cholesterophage is making 
its way, in spite of the activities of the flowing blood, toward the sub- 
endothelial layer of the intima. 

It is a reasonable conclusion that the sites at which the earliest 
atherosclerotic lesions arise in the arterial system are regions where 
opportunity is first presented for cholesterophages to come into intimate 
contact with the arterial intima. Taking advantage of that contact the 
Kupffer cell with its sticky surface, clinging habit and ameboid powers 
makes its way from its hazardous position on the wall into the shelter 
of the subendothelial layer. 

It is probable that the hump produced by such a cell as it lies directly 
under the endothelium is a projection that may furnish an alighting or 
anchoring place for other cells. At any rate, rows of cells and cell 
mounds are common in the subendc‘helial layer in man and in the rabbit 
fed cholesterol. An early row of such cells is illustrated in figure 3 C 
from a rabbit aorta. 

Thus far I have dealt with the early stages of atherosclerosis as 
produced in the rabbit and the method of its production. Advanced 
stages duplicate human lesions and are illustrated elsewhere. No 
demonstration of th> process by which human liver cells produce excess 
esters and precipitate the crystalline esters in liver cells, together with 
the activities by which Kupffer cells remove and transport these esters, 
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has been made. The long latent period, the intermittent character of 
the human lesions, the unlikelihood that any human being would adopt a 
diet as continuously rich in cholesterol as that fed to the rabbit, and the 
relatively enormous human liver, compared with that of the rabbit, are 
probably responsible for this failure. However, the early lesions of 
human atherosclerosis correspond so closely in location, character and 
development to the early lesions in the experimental rabbit that it is a 
reasonable deduction that they are similarly produced. The cholestero- 
phage invasion of the subendothelial layer of the intima, the formation of 
rows and solid nodules of cells with little fibroblastic support, the 
progressive fibrosis that strangles the cholesterophages as it increases, 
and the formation of typical nodules that go on to scarring and calcifica- 
tion have been illustrated elsewhere as well as in this publication. (See 
following pages. ) 
HUMAN LESIONS 

Discussion of human atherosclerotic lesions is of limited value 
without the demonstration of actual specimens or reproductions. The 
material in the following pages illustrates how the atherosclerotic lesions 
are related to crystalline ester cholesterol, the cumulative character of the 
disease in man, because of intermittent overdosage of cholesterol, and 
some of the mutations occurring in processes at various ages. 

Aortic Lesions—The illustrations of lesions of the human aorta here 
presented deal only with early processes, since representative lesions 
covering almost the whole gamut of th progressive stages of the disease 
from early deposits through advanced stages was presented in an earlier 
publication.“* Mallory has said: +“In order to understand a pathological 
process it is necessary to study its beginning and to trace its biologic 
development.” In the present publication the illustrations reproduce 
literally the beginnings and the early biologic development of aortic 
sclerosis. 


The beginnings are best studied in the regions where early pin- 


head lesions are present in crops, as in the ascending or other parts of the 
aorta. Besides the lesions that are grossly visible, series of frozen 
sections will disclose under the microscope lesions that are not visible 
to the naked eye. The earliest finding deals with the solitary cholestero- 
phage which is making its way into the subendothelial area or has 
arrived in that layer. In figure 3, parts D and E illustrate two such cells. 
D shows a cell which has succeeded in getting under a mantle made up 
evidently of the thin body of an endothelial cell; it still presents a hump 
above the level of the endothelial surface. It is unfortunate that the red 
color of the sudan IV stain cannot be reproduced, since it adds authority 
to the cell. E shows a similarly isolated cell that has come to rest in the 
subendothelial layer of the intima. Both of these cells were found in 
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the ascending aorta of a woman of 42 years. They occurred among 
small and large (pinhead) nodules scattered loosely over a large 
surface of the aortic intima. 

Below D and E, in figure 3, there is reproduced a row of choles- 
terophages lying in the subendothelial layer as seen in a section of a 
small flat nodule in the ascending aorta. This lesion was flat because 
it was made up largely of a single layer of cells. The knife has passed 
through these cells, which were for the most part large, but has cut not 
only median sections through the cytoplasm but also sections through 
outer portions of cells, and this accounts for the variation in size. The 
finely granular appearance of the cells is due to their content of minute 
droplets of crystalline ester cholesterol. In a later stage the pinhead 
nodules tend to form flattened mounds with the thickest layer of choles- 
terophages in the midregions. ; 

In a stained section of a later lesion (fig. 3 F) the relative positions 
of cholesterophages and the endothelial layer of the intima are illustrated. 
These cholesterophages, larger than the massed cells in the pulmonary 
veins (fig. 3 4), illustrate also their tendency to increase their crystalline 
ester cholesterol content after coming to rest in the subendothelial layer. 
This particular lesion is not a primary lesion. In the deep layers are 
fragments of cells which have taken the sudan IV stain. They appear 
to be either the remnants of cholesterophages which had invaded the 
subendothelial layer at an earlier moment and had undergone dis- 
organization or the remains of fibroblasts which had taken over crystalline 
ester cholesterol from the disorganizing cholesterophages.** The row 
of cells represents, then, a reactivation of an older lesion. Figure 4 A 
is from a section of the midregion of a pinhead lesion. There are now 
several layers of cells. The section technic has led to pressure being 
exerted on the cells, particularly in the lower layers. Rupture of the 
cytoplasm in many cells has set free ester cholesterol crystals that have 
fsed into larger crystals, leaving no doubt concerning the character 
of the cell contents. Many crystals still are held within the capsules of 
cells. 

The sequence of parts B, C, D and E of figure 4 has to do with the 
appearance and relation of the cells of pinhead lesions, together with 
the character of the cell contents. In B and C are shown sections of a 
pinhead lesion. The upper section has been stained with sudan IV and 
hematoxylin. The deep staining cholesterophages tend to occur in rows, 
as they frequently aline themselves in such lesions. The thickening of 


the intima to accommodate the cells has been accompanied by a minor 
degree of fibrosis, adequate to support the cholesterophages and no more. 


The lower section is a neighboring one and is seen unstained under 
p larized light. 





Fig. 4.—A, rows of cholesterophages in the intima of a human aorta. Frozen 
section, unstained; x 150 

B and C, frozen sections of pinhead lesions of a human aorta. The upper section 
is s‘>ined with hematoxylin and sudan IV; the lower, unstained, is seen under 
pola.-zed light; x 30. 


D, frozen section of a pinhead lesion of a human aorta, warmed and compressed 
to free drops of greaselike material, unstained, under diffuse light; x 200. 
E, same field under polarized light 
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In D and E the results of heating the slide and delicate pressure are 
manifest. In D the slide, unstained, under diffuse light, makes clear the 
greaselike material, softened under heating, insoluble in glycerin or 
glycerin jelly or water, that can be expressed from the cells. The 
variation of size of the drops and droplets is dependent on fusing of 
some droplets into larger drops. In E (the same field under polarized 
light) the finely granular appearance of the cholesterophages in the intima 
still persists for the most part. They have not been completely robbed 
of their crystalline ester cholesterol contents. The finest droplets, as 
they naturally occurred in the cytoplasm of the cholesterophages, can 
now be seen in their polarized images, though they cannot be made out in 
the section photographed under diffuse light. They represent a diameter 
of 1 to 3 microns, of significance since Gardner and Cummings '* demon- 
strated that the efficient crystals of silica, producing silicosis, were 1 to 3 
microns in diameter. 


Lesions of the Coronary Arteries —In rabbits fed cholesterol the 
daily excess of cholesterol may lead to the production of massive acute 
lesions in which many layers of cholesterophages occur, with the cells 
enveloped in a delicate fibroblastic meshwork. These acute lesions are 
rare in man. However, they were found in case 1. 


Case 1.—S. S., a doctor of veterinary medicine, 25 years of age, married, had 
suffered from indigestion for years and had been put on an ulcer diet rich in milk 
and cream, though roentgenographic evidence was negative for ulcer at Bellevue 
Hospital. He had complained of indigestion two months before death and was 
treated by a local physician. He was talking with his wife in his veterinary hospital 
when he said he had an acute pain in the abdomen and fell on the floor. A rescue 
squad of the Boston fire department used a respirator without avail. His local 
physician pronounced him dead within ten minutes. Autopsy disclosed obliterative 
pericarditis. Though the adhesions were firm, the pericardium was thin. The 
heart and pericardium weighed only 380 Gm. The valves and the cavities were 
normal. There was no myocardial fibrosis, nor were any Aschoff nodules found. 

There was thickening of the walls of the left coronary artery, with yellow 
deposits in the main vessel and the branches. There was considerable narrowing 
of the lumen of the descending branch of the left coronary artery, but there was 
no thrombosis. The right coronary artery showed minor yellow deposits. 

Microscopically, the coronary lesions were unusual in that massive collections 
of cholesterophages with threadlike bands separating the cells were found in some 
lesions (fig. 5 A) and multiple lesions of different ages were present in the same 
section (fig. 5 B). Such findings are characteristic of the more acute forms of 
atherosclerosis occurring in some rabbits fed cholesterol. 

There was no evidence of active or healed peptic ulcer. 

The earlier lesion illustrates the delicate fibroblastic meshwork in which the 
cholesterophages lie. In the more advanced process (fig. 5 B) the thickening of 
the fibroblastic meshwork has strangled many of the phages which have dis- 
appeared. Remnants of these cells and a few larger cholesterophages are seen in 


18. Gardner, L. V., and Cummings, D. E.: Am. J. Path. 9:751, 1933. . 
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the otherwise dense fibrous meshwork. The older part of the lesion, to the right, 
nearest the media, has undergone scarring and necrosis of the dense fibrotic tissue. 
Facing this advanced lesion, on the opposite wall, is a second nodule of about the 
same age. These older lesions, as they thickened the wall, came almost into con- 
tact, narrowing the lumen. In the immediate subendothelial space over this second 
nodule a new group of cholesterophages is producing a reactivation of the lesion. 

It is possible to follow in these very active lesions the progression of the lesion from 
the initial invasion of cholesterophages which come to lie in a delicate fibroblastic 
meshwork. The meshwork becomes more dense as the crystalline ester cholesterol 





Fig. 5.—A, early human coronary lesion showing cholesterophages with a deli 
cate fibrous network. Zenker solution fixation; paraffin section; Mallory’s phos- 
photungstic acid—hematoxylin stain; « 350. 


B, moderately advanced human coronary lesions (at right) with a fresh invasion 
of cholesterophages beneath the endothelium reactivating the advanced lesion to the 
left. Same technic as for the lesion shown in A. 


contents of the cells stimulates fibrosis at the expense of the cholesterophages, which 
shrink and finally disappear under pressure, leaving a scarred tissue with few 
cholesterophages remaining. The end result may be fibrosis without evidence of 
surviving cholesterophages or crystalline ester cholesterol. 

In this case the symptoms of indigestion were accepted as evidence of peptic 
ulcer in spite of negative roentgenologic findings. Indigestion may be the first 














Fig. 6.—A, frozen section of a human coronary artery with early fibrosis near 
the lumen and fat-staining material in two layers below. Hematoxylin and sudan 
IV stain; x 60. 


B, same lesion under polarized light; x 60. 


C, enlargement of the two layers of doubly refractive material shown in B, under 
polarized light. Cholesterophages below; solid crystals above. x 250. 

D, crushed area of a cell layer seen in C, under polarized light. Some uncrushed 
cells are seen below to left. Crystalline esters, small and larger (fused) crystals, 
notably to the right and above. x 300. 
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and sometimes the only symptom of coronary disease up to a critical, perhaps 
terminal point. The patient was treated intermittently with a Sippy diet, which 
could account for the unusual activity of the process. 


Case 2.—S. G., a captain of the fire department, 47 years of age, was crushed 
by a falling roof at a fire. The left coronary artery showed gross thickening of 
the wall and eccentric narrowing of the lumen. Microscopically (fig. 6 A), the 
eccentric thickening of the intima is seen to be due to a cellular, fibrotic inner 
layer and an outer portion containing abundant fat-staining material, which occurs 
roughly in two layers. Under polarized light (fig. 6 B) the two layers show 
distinct patterns. The outer layer near the media is made up of larger crystals 
which under higher magnification (fig. 6 C) consist of solid crystals of cholesterol. 
(The greater thickness of frozen sections causes the crystals, which lie at various 
angles, to present broader surfaces than are seen in the slitlike spaces they occupy 
in thin paraffin sections.) The inner layer is made up of cholesterophages which 
invaded through the vascular endothelium and probably stimulated the formation 
of the cellular inner fibrous layer as they traversed the tissues toward the depths. 
That they are cholesterophages is seen in figure 6D showing a frozen section of 
the lesion, unstained, which was warmed and then pressed, rupturing the choles- 
terophages and freeing the ester cholesterol crystals. In the deep layers about and 
internal to the solid crystal layer are collections of cells, largely elongated bipolar 
cells which contain fat-staining material that is not doubly refractive. These appear 
to be fibroblasts that may have been active in removing and dissolving crystalline 
ester cholesterol from cholesterophages of the earlier invasion. 

This coronary artery illustrates the cumulative character of lesions with reacti- 
vation after long intervals. 


Case 3—L. D. R., an obese man, measuring 66 inches (167.5 cm.) in length 
and weighing 250 pounds (113 Kg.), was found dead. Death was due to hyper- 
tensive heart disease and coronary sclerosis. The heart weighed 520 Gm. The 
mitral valye was thickened along the contact edge, with embossed vessels over 
the anterior flap and some shortening and thickening of the chordae tendineae. The 
deformity of the valve was not marked. The left coronary artery was narrowed 
almost to occlusion 1.5 cm. from the orifice. There was irregular thickening of 
the walls of the descending and circumflex branches with some calcification. The 
right coronary artery exhibited some thickening of the wall irregularly, but the 
lumen was of good size and free. The myocardium was thickened—the left ven- 
tricular wall measuring 1.9 cm.—but there was no gross or microscopic fibrosis. 
In figure 7 A a frozen section of the left coronary artery shows at the right an 
elongated ovoid region staining deeply with hematoxylin. This was a focus of 
calcification, the calcium crystals taking a deep stain with hematoxylin. The 
amount of material taking the fat stain is small. In figure 7 B a neighboring 
unstained section is seen under polarized light. The doubly refractive mate- 
rial is abundant and is for the most part made up of solid crystals of cholesterol, 
which do not stain with fat stains. In the inner layers of the intima below the 
lumen are some finely granular, doubly refractive bodies. ‘When pressure was 
brought on the warmed section at this region, there was freed into the lumen the 
material shown in figure 7 ( 

This coronary artery illustrates a chronic fibrotic process, with solid cholesterol 
crystals, which has gone on to necrosis and calcification but still shows active 
cholesterophages in the internal portion of the intima. 





Fig. 7.—A, frozen section of a human coronary artery. The long ovoid, deeply 
staining region at the right is a focus of calcification. Hematoxylin and sudan IV; 
x 35. 

B, same section, unstained, under polarized light; « 35. 

C, cholesterol ester crystals expressed from an active portion of the lesion in the 
lower part of the intima near the lumen. The freed crystals are in the lumen, under 
polarized light: « 200. 
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Case 4.—L. F., a short stout man, measuring 5 feet 2% inches (158.5 cm.) and 
weighing 173 pounds (78.5 Kg.), was found in church, unconscious. He was 
admitted to a hospital with right hemiparesis and died within four hours. The 
heart weighed 525 Gm., and there was slight old thickening of the anterior flap of 
the mitral valve. In the leit coronary artery, particularly in the descending branch, 
there was patchy high grade sclerosis and narrowing of the lumen, usually eccen- 
tric. The right coronary artery was tortuous, with a thick opaque yellow inner 
layer almost continuous. There was no gross (or microscopic) evidence of fibrosis 
of the hypertrophied myocardium (thickness of the left ventricular wall, 2 cm.) 
Death was due to a hemorrhage of the left cerebral hemisphere. 

A section of a lesion in the descending branch of the left coronary artery dis- 
closes evidence of the cumulative character of the atherosclerotic lesions (fig. 8). 


Fig. 8—Human coronary artery in which a series of cumulative lesions are 
narrowing the lumen. Zenker solution fixation; Mallory’s aniline blue method; 
~ 40 


rhere is a series of at least six apparently distinct foci, each of which probably 
represents a period of excessive ingestion of cholesterol. There remain between 
the hyaline scarred foci some cholesterophages in places, and an active process is 
taking place in the inner part of the thickened intima, notably at the lower end. 
Lesion 1 shows organization with vascularization from vasa vasorum, which is 


unusual in coronary lesions except after thrombosis. Lesions occurring before 


thrombosis tend to be vascularized by capillaries from the coronary lumen. 


Case 5.—J. B., 72 years of age, was struck by an automobile and was dead on 
arrival at the hospital. Death was due to multiple injuries. The heart weighed 
0600 Gm. The wall of the left ventricle measured 1.4 cm.; the right ventricle, 0.7 cm 
[The muscle, firm, medium red, showed no fibrosis. The cavities were dilated; the 
valves, essentially normal. The left coronary artery was occluded near the orifice. 
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In the anterior descending branch the wall was thickened and calcified discontinu- 
ously but there was a small free lumen. In the circumflex branch there was 
moderate thickening of the wall with a free lumen. The right coronary artery, of 
large size, had a large free lumen. 

In figure 9 A a frozen section of the descending branch of the left coronary 
artery discloses eccentric fibrosis and, invading the wall, cholesterophages which 


wire F 


"€ 


Fig. 9.—A, human coronary artery in which an old fibrous lesion is being invaded 
by cholesterophages. Frozen section; hematoxylin and sudan IV; x 50. 
B, detail of cholesterophages from lesion shown in 4, under enlargement. « 200. 


lie in characteristic irregular ameboid shapes in the fibrous tissue of the wall. 
Figure 9 B brings out in enlargement the finely granular character of the fat 
staining contents of the cells. Outside the ring of cholesterophages there are 
elongated cells whose contents stain with sudan IV. Under polarized light the 
contents of the cholesterophages consist of crystalline ester cholesterol. The con- 
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tents of the elongated cells are not doubly refractive. These cells appear to be 
fibroblasts which have taken over crystalline ester cholesterol from cholestero- 
phages of an earlier invasion and have dissolved the crystals in the process of 
removing them 

This coronary artery reveals that active invasion of the arterial intima may 
occur at advanced ages and is not restrained by chronic fibrosis of the intima. 

For examples of coronary lesions which were the primary cause of 
death in cases of sudden death the reader is referred to an earlier 
publication.“ These lesions were from persons who were not hos- 
pitalized before death, and show the coronary process without secondary 


Fig. 10.—Aortic ring, ascending aorta and orifice of the innominate artery 
cholesterol-fed rabbit, showing plaques of lime salts (see text) 


inflammatory and repair changes arising during a period of hospital 


care. The lesions in fatal cases tend to be advanced and may not show 
any crystalline cholesterol. This type of lesion is best understood after 
studies of the progressive lesions that precede the fatal termination. 

In answer to the perennial question “Does calcification occur in the 
lesions of the rabbit fed cholesterol?” figure 10 is presented. This 
is a photograph of the aortic ring, the ascending aorta and the innomi- 
nate orifice of a rabbit fed cholesterol over a period of ten months 
and allowed to live for one year following the cessation of cholesterol 
feeding. The lesions in general have healed with fibrosis, thickening 
of the vessel wall and increase of elastica, following the removal of 
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most of the cholesterol. The typical calcified plaques, concave to 
conform to the curved surface of the aorta, persist and vary from small 
to large masses. This aorta illustrates the fact that atherosclerosis is a 
curable disease in the rabbit, as it is in man, with monumental deposits 
of calcium marking the sites of the more ugly foci of the disease, that 
went on to necrosis. ° 

COMMENT 

The illustrations speak for themselves. They picture actual con- 
ditions which were found in human lesions and in those of the rabbit 
fed cholesterol. The studies under polarized light bring out the sites 
of crystalline ester cholesterol deposits and make it possible to follow 
the transport of the material and the relation of this to the lesions of 
atherosclerosis without the use of isotopes. One can actually see and 
demonstrate these things visually without too great dependence on 
inferences which may be speculative. 

Aschoff’s doubt as to whether the relation of cholesterol to the dis- 
ease was causal or casual has been dissipated by the evidence that crystal- 
line ester cholesterol is an irritant, comparable to silica. Studies of early 
human and rabbit lesions of atherosclerosis have made plain that injury 
to the intima is not a necessary factor in the causation of the disease, 
though there is evidence that injury may favor local manifestations. 
Wear and tear conditions tend to be general in their effect on arteries, 
while atherosclerosis is a focal disease. However, it may produce 
diffuse effects by the union of lesions as in the massive atherocheumas 
met with in the lower part of the abdominal aorta. Wear and tear 
tend to produce diffuse dilatation, with thickening of the wall due to 
fibrosis, or with thinning of the wall due to weakness. 

Hueper, in a series of papers, has described the results produced 
by introducing into the animal body certain inert substances, macromolec- 
ular in character, with molecular weights of over 1,000. The sub- 
stances used in his studies included polyvinyl alcohol, methyl cellulose, 
acacia, pectin and others. Characteristic of these substances is the fact 
that on being introduced into animals, in massive amounts, particularly 
by the intravenous route, they produce what is called the “macromolec- 
ular hematologic syndrome,” which is marked by loss of hemoglobin, 
of fibrinogen, of plasma protein, and is associated with thrombopenia 
or thrombocytosis, leukopenia or leukocytosis and a hemorrhagic 
diathesis, etc. ‘Degenerative vascular changes, often resembling or 
identical with atheromatous or arteriosclerotic lesions are found in the 
majority of the macromoleculoses, according to Hueper.’*® He stated 


that his observations are reported “not only because they open a new 
rapid method for the experimental production of atheroma in animals 
but because they furnish important evidence concerning the formal and 


19. Hueper, W. C.: Arch. Path. 31:11, 1941. 
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the causal genesis of atheromatosis and arteriosclerosis.*° Discussion 
of these claims is the purpose of the present cormment. 

[he most striking changes in the vascular system were obtained 
by injecting colloidal suspensions of polyvinyl alcohol into dogs, and 
for that reason those experiments form the basis for the present dis- 
cussion. Polyvmyl alcohol is a plastic, produced by the Dupont Com- 
pany, and recommended commercially as an inert substance that forms 
protective films which are impervious to greases, to many solvents and 
to many gases. This material was injected into animals in-a 5 per cent 
colloidal solution in isotonic sodium chloride solution. In Hueper’s 
studies 8 dogs received varying amounts of this solution, 4 by the intra- 
venous route and 4 by intraperitoneal injection. Of the animals given 
intravenous injections, 1 dog, receiving 285 cc. of the solution, was 
moribund on the sixth day and was killed. A second received 630 cc. 
and was killed on the fourteenth day. A third received 1,145 cc. and 
died on the twenty-fourth day. The fourth received 915 cc. and died 
on the twenty-fourth day. Of the dogs receiving the fluid intraperi- 
toneally 1 died on the twenty-first day following the introduction of 
2,725 cc. of the solution. As was to be expected, the other dogs, 
receiving smaller amounts (490, 490 and 695 cc.), survived for longer 
periods than the intravenous group, and were killed on the ninety- 
second, twenty-third and thirty-third days, respectively. 

In the histologic description of the lesions found in the bodies of 
these animals no distinction is made between the lesions of the dogs 
given the fluid intravenously and those of the dogs receiving the fluid 
intraperitoneally. I have assumed that the most striking vascular lesions 
described and illustrated in Hueper’s studies appeared in the dogs in 
which the polyvinyl alcohol was introduced by intravenous injection. 

The vascular lesions consisted of balloon-like swellings of the endo- 
thelial cells which lined the inner aortic wall in a single or in several 
layers and had the character of foam cells. In more advanced lesions 
there was a narrow accumulation of foamy histiocytes between the endo- 
thelium and the media. Still older lesions exhibited a marked cushion- 
like thickening of the intima consisting of foam cells and occasionally a 
small capillary vessel. “The topographic relation of these foam cells 
to the endothelial lining, from which they seemed to extend, made it 
probable that these histiocytic cells were derived from the endothelial 
cells.” *® In the liver the cell cords were narrow and composed of 
atrophic liver cells, pushed apart by proliferated and rharkedly swollen 
Kupffer cells. The contents of the foam and Kupffer cells were made up 
of polyvinyl alcohol—unchanged. 

The necessarily fatal result of the intravenous injection of large 
amounts of this material is obvious. A substance recommended com- 


20. Hueper, W. C.: Arch. Path. 33:1, 1942. 
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mercially because of its inertness is injected intravenously into animals 
and may be retained in the circulating blood for long periods because 
it cannot be metabolized. Furthermore, this substance is introduced 
in overwhelming dosage. It is estimated by Hueper that in some instances 
up to 75 per cent of the fluid portions of the blood consisted of this 
foreign body.’® The scavengers ordinarily employed in removing foreign 
bodies from the blood—the Kupffer cells—are manifestly incapable of 
taking care of the problem, and the vascular endothelium is called into 
action in a fruitless effort to meet the emergency. Disruption of all 
functions and death of the animals is the inevitable result under the 
dosage used. 

Hueper *° also carried out “chronic experiments” in dogs and rabbits 
with methyl cellulose, also a plastic, in 2 per cent solution in isotonic 
sodium chloride solution, some animals living fifty-seven to ninety days. 
The vascular lesions resembled those described in the polyvinyl experi- 
ments, but were less extensive. With reference to the dosage of methyl 
cellulose he reported: “It must be emphasized that the various organic 
lesions mentioned are produced only when highly excessive amounts 
of methyl cellulose are introduced into the animal organism.” *° 

In discussing the relation of macromolecular vascular lesions with 
those of atherosclerosis it is well to remember that the cholesterol in 
human atherosclerosis is not introduced intravenously. It is true that 
cholesterol is a polymer and a macromolecular substance. It differs 
from the substances studied by Hueper in that it is found in the animal 
body and is not inert. Though little is known about its metabolism within 
the animal body, one does know that it is metabolized. In whatever 
form it is ingested it apparently is converted by metabolism into the 
crystalline ester form before it becomes capable of causing atherosclerosis. 
It is one of the essential substances of animal life. In contrast, the macro- 
molecular substances studied by Hueper are truly foreign bodies. The 
intravenous method of introducing them into animals should cause the 
lesions which arise to be diffuse, while atherosclerotic lesions are focal, 


‘ 


and selectively located. The vascular macromolecular lesions are pro- 
duced rapidly, as is true in foreign body experiments, in contrast to the 
long latent period in the cholesterol-fed rabbit before arterial lesions 
appear. The choice of experimental animals is a matter of indifference 


with the macromoleculoses, as would be expected in pure foreign body 


experiments. Indeed, the most impressive lesions were obtained in the 
dog, an animal in which atherosclerosis has been produced only after 
disabling the thyroid gland with thiouracil. The lesions in the macro- 
moleculoses apparently represent a pure foreign body reaction provoked 
by inert substances, and carried to an unusual degree because of the tre- 
mendous dosage used. They are not reproductions, but are at best 
simulacra, of the lesions of human and experimental atherosclerosis. 
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Moreton * reported that by dark field illumination of plasma large 
colloid lipid particles could be observed and photographed as bright 
points of light. In normal plasma no particles could be seen, apparently 
because of their small size. Under centrifugation the large particles 
could be concentrated in the upper layers of the plasma. They were 
present in the plasma of continued hyperlipemia and appeared in normal 
plasma three to five hours after a meal rich in animal or vegetable fat. 
Moreton accepts Hueper’s theory of causation of atheroma. To quote 
him 

the primary factor and sine qua non in arteriosclerosis is the presence in the 
circulating blood of coarsely suspended colloidal particles considerably larger than 
those found in normal plasma and composed of or containing, a substance relatively 
resistant to the resorptive and removal mechanisms of the arterial intima. 
present evidence indicates that the ingestion of fat-rich meals, by producing the 
temporary appearance of large lipid particles in the blood, causes the normal 
defense mechanisms of the intima to retain some of these particles and thus gradu- 
ally and infinitesimally to build up the full picture of stenotic and occlusive arterial 


disease. 

The objections to Moreton’s thesis are (a) the failure of Hueper’s 
procedure to reproduce the lesions of human and rabbit atherosclerosis 
and (6) the absence of evidence that the mere presence of large lipid 
particles in the plasma is adequate to produce the selectively focal 
lesions of human or rabbit atherosclerosis. 


SUMMARY 

Visual evidence is presented which, added to the data already pub- 
lished, indicates that atherosclerosis is a metabolic disease; that the 
relation of crystalline ester cholesterol to the lesions is as specific as is 
that of the tubercle bacillus to tuberculosis ; that the focal character of the 
disease and the localization of its fesions are due to the crystalline 
esterification of excess cholesterol (in whatever form it is ingested) in 
the liver and the scavenger action of Kupffer cells in removing that 
excess from liver cells, transporting it into the circulation and depositing 
it in the «bendothelial layer of the arterial intima in regions where the 


cholesterophages can make contact with the arterial intima. 


21. Moreton, J. R Science 106:190, 1947; 107:371, 1948 
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ULTINUCLEATED giant epithelial cells occurring in the renal 
tubules have elicited the attention of many investigators, who 
most often observed them incidentally during the study of other renal 
lesions. They were described originally by Weigert, who noted them in 
a contracted kidney. Subsequent students of human pathology recorded 
their presence in association with eclampsia, infarct, chromic acid 
poisoning,* glomerulonephritis,® nephrosclerosis * and mercury bichloride 
intoxication." In a comprehensive study of regenerative processes in 
damaged human kidneys Tilp * found them in many conditions, whereas 
Wittich ® in an analysis of 150 consecutive autopsies carefully. character- 
ized them and enumerated their incidence in 33 cases of widely varied 
causations. The last-named author agrees with previous interpreters that 
the cells represent abnormal forms of regeneration. 
Other workers have been able to produce similar cells in the kidneys 
of animals by various experimental procedures. Podwyssozski,’® a 
pioneer in the study of epithelial regeneration, observed them in kidneys 
which had been subjected to mechanical trauma, and his observation was 
substantiated by Ribbert.*‘ These forms were produced in animals by 


From the Department of Pathology, University of Wisconsin Medical School. 

1. Weigert, C.: Samml. klin. Vortr., 1878, no. 162-163 (Inn. Med. no. 2), 
p. 1411. 

2. Prutz, W.: Ztschr. f. Geburtsh. u. Gynaik. 23:1, 1892. Leusden, P.: 
Virchows Arch. f. path. Anat. 142:1, 1895. Ellerman, V.: ibid. 171:557, 1903. 

3. (a) Thorel, C: Virchows Arch. f. path. Anat. 146:297, 1896. (b) Foa P.: 
Beitr. z. path. Anat. u. z. allg. Path. 5:275, 1889. 

4. Thorel, C.: Deutsches Arch. f. klin. Med. 84:173, 1905. 

5. Réssle, R.: Virchows Arch. f. path. Anat. 170:375, 1902. O6crtel, H.: 
Publication of the Russell Sage Institute of Pathology, Philadelphia, W. B. Saunders 
Company, 1909, vol. 1. 

6. Herxheimer, G.: Beitr. z. path. Anat. u. z. allg. Path. 45:253, 1909. 

7. Heinecke, A.: Beitr. z. path. Anat. u. z. allg. Path. 45:197, 1909. 

8. Tilp, A.: Ueber die Regenerationsvorgange in den Nieren des Menschen, 
Jena, Gustav Fischer, 1912. 

9. Wittich, W.: Virchows Arch. f. path. Anat. 206:341, 1911. 

10. Podwv:sozski, W., Jr.: Beitr. z. path. Anat. u. z. allg. Path. 2:1, 1888. 
11. Ribbert, H.: Arch. f. EntwckIngsmechn. d. Organ. 18:207, 1904. 


29 








# ARCHIVES OF PATHOLOGY 


poisoning with uranium ™ and by restricting them to a diet containing 
excess inorganic phosphates.** More recently, in animals fed diets 
extremely deficient in potassium, lesions and multinucleated cells devel- 
oped identical with those produced by ingestion of excess phosphates."* 
The formation of giant cells was noted in chloride—deficient rats by 
Lowenhaupt and Greenberg,’® although in these animals the cells were 
in the distal rather than the proximal convoluted tubules. 

Because of this recent suggestive influence of diet on the structure of 
renal tubules and the frequency of the giant epithelial cells in routine 
autopsy material, it was decided to investigate the incidence of these 
abnormal cells. The facile appellation “atypical regeneration” designates 
a theory of origin but fails to elucidate their pathogenesis with accuracy, 
for they may not represent abnormal regeneration in all instances but 


‘ 


may be a type of degeneration in some cases, as well as a failure of regen- 
eration. Lubarsch '* suggested that they are “irritation cells,” but he 
neither specified the irritant nor indicated whether the hypothetic irritant 


initiated regeneration or degeneration. 


MATERIAL STUDIED 


The kidneys of 256 recent censecutive subjects of autopsies were examined 
both grossly and microscopically. Representative portions of the organs were fixed 
in formaldehyde solution U.S. P. diluted 1 in 10, embedded in paraffin, sectioned 
at 8 microns and stained with hematoxylin and eosin. Occasional sections were 
cut to a depth of 15 microns and stained with safranine and trinitrophenol for the 
study of cell contour and mitotic figures. The frequency of multinucleated cells was 
graded as 1, 2 and 3 plus when they occurred 1 per several low power fields, up to 
10 per low power field, and more than 10 per field, respectively. With this arbitrary 
division, they fell into clearly defined groups. Attention was directed to the 
multiplicity of nuclei of the average giant cell by a count of 100 random multi- 
nucleated cells in each case. Correlative data concerning age, sex and incidental 
disease were accumulated from the protocols. 


RESULTS 

Among the 256 autopsies reviewed there were 39 in which multinucleated 
epithelial giant cells of varying degree of incidence were noted, representing 15.2 
per cent of the total number of autopsies. The cells were found exclusively in 
the proximal convoluted tubules and were not observed in the lower nephron. It 
was not possible to determine their location in any particular segment of the proxi- 
mal tubules, which appeared almost uniformly involved throughout their length 
in the more extensive lesions. In our series the tubules containing giant cells were 


not situated in relation to specific disease areas, such as scars, infarcts and inflam- 
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Fig. 1—The parabasilar clumping of the nuclei of the giant cells is apparent. 
There is disparity of size in the nuclei. Hematoxylin and eosin; x 420. 

Fig. 2—The clumping of nuclei and their linear arrangement are evident in 
some cells. There is a homogeneous cytoplasm in the multinuclear cells. Hema- 


toxylin and eosin; x 420. 
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mation, but were scattered at random throughout the section. Such tubules were 
neither degenerated nor hypertrophied and generally resembled the normal tubules. 

The multinucleated cells usually formed a portion of the wall of the tubule, 
with displacement of an area equivalent to less than 4 normal cells. Rarely they 
appeared unattached within the lumen. In contour the forms varied; some were 
broad and projecting (75 to 100 microns), others flat and narrow (figs. 1 and 2). 
Basement membranes were clearly defined, whereas the free border was uneven 
and indefinite and infrequently was distinguished by a brush border. The cyto- 
plasm was dense, deeply eosinophilic and homogeneous, devoid of vacuoles and 
granularity. Fat was not demonstrable with sudan IV. The number of nuclei 
varied widely, ranging from 4 to 30, and was not strictly proportional to the size 
of the cell; the commonest number was 5 to 6. It was, however, noticed that the 
number of nuclei bore a rough proportionality to the incidence, and as it increased 
so did the average of the nuclei per cell. Most nuclei were smaller than normal 
and sometimes appeared even as minute particles, 2 to 3 microns in diameter ; within 
any cell the range of size might be considerable, usually with minute forms 


TABLE 1.—I/ncidence of Renal Giant Cells in Relation to Diseases of the Kidney 








Cases in Which Microscopie Sec- 
tions Showed Given Grade 
of Involvement * 
———$ A — 
Disease 1 2+ Total 
17 


+ 
Nephrosclerosis 7 
Pyelonephritis (chronic) peeneene 1 
Polycystic kidney ............ ° 0 
setuenn 1 

3 


Infarcts 
Hemoglobinurie nephrosis ¢ .... 
BED TD cvinccncsdcesdesecceses 


Total... een ees nee cenewesocwes : 15 19 


| “w 
eolrroornmre + 





* 1+ indicates 1 multinucleated giant cell per several low power fields; 2+, up to 10 cells 
per low power fleld; 3+, more than 10 per field. 
t The hemoglobinuriec nephrosis was incidental and not a direct cause of death. 


predominant. They were heaped up irregularly, with a tendency to concentrate 
against the basement membrane, and, because of the hyperchromatic density, 
assumed a characteristic grouped appearance. The size, the density of packing 
and the intensity of staining obscured nuclear detail, although nucleoli might be 
observed in the larger, lighter members. Mitotic figures were absent in all cases. 

The 39 cases in which the kidneys contained giant cells had no common pattern 
of disease and included such causes of death as carcinoma (10), coronary occlusion 
and cerebrovascular accident (6), tuberculosis, pneumonia and arterial thromboses 
(2), arteriosclerosis (4) and, in a single instance each, cirrhosis, endometritis, 
fat embolism, rheumatic fever, polycystic kidney and malignant lymphoma; in 
1 case the cause remained undetermined. In no case was any history of renal 
insufficiency detected, so that neither the dominant disease process nor the assess- 
ment of renal function was clinically indicative of the occurrence of these cells. 
The high incidence in cases of carcinoma, coronary disease and cerebrovascular 
accident is noteworthy. 

On the other hand, when the degrees of the giant cell involvement were 
correlated with specific disease processes in the kidneys, it emerged (table 1) 
that in such kidneys as were affected by generalized and uniform sclerosis the 
incidence was highest and most extensive. It is also remarkable that there were 
no examples of glomerulonephritis of any type, although fibrosis and shrinkage 
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were often prominent in these cases. The small number of kidneys with infarcts 
is also contrary to expectation. But perhaps most striking is the group in which no 
definite renal lesions were seen and yet the distribution of giant cells was extensive, 
indicating that though sclerosis might be an important concomitant, it was not 
solely a determining factor in the causation of these cells. Because of the close 
association which certain authors believe exists between chronic glomerulonephritis 
and such giant cells, the slides from all autopsies of persons with this disease over 
a ten year period were examined to establish this relationship. In only 2 of the 
cases was there an incidence of giant epithelial cells of 1 plus. A similar study of 
renal infarcts revealed no peculiar high or severe occurrence of the cells in the 
tubules adjacent to or between infarcted areas. It is therefore apparent that 
epithelial giant cells are not specifically related to any particular systemic disease, 
are often found in otherwise healthy kidneys but are most commonly observed in 
sclerotic kidneys. 

The relationship of the giant cells to age is more evident. When the incidence 
is taken as a percentage of the number of cases examined in a particular decade 
(table 2), it is manifest that the proportion found in persons under 40 years of age 


TABLE 2.—Incidence of Renal Giant Cells in Relation to Age 








Cases with 
Giant Cells Percentage 
92 





is negligible, although over one third of the autopsies studied fell into this age 
stratum. With increasing age, on the contrary, a steady rise is seen, which 
reaches a maximum of 35.7 per cent in the seventh decade. This sharp cleavage 
between the two age strata, above and below 40 years, indicates that age is an 
important factor in the formation of the epithelial giant cells; the incidence is 
0.9 per cent in ‘the former, 14.4 per cent in the latter. Although the incidence of 
the giant cells is closely related to age, the extent of occurrence is not. When 
severity of incidence is plotted against age, the distribution is not statistically 
different from one decade to another above the age of 40, so that one may regard 
age as having little effect on severity. Sex may also be excluded in our series, 
because, although more males were affected, in a ratio of 27:12, the distribution 
followed the proportion of males to females submitted to autopsies in this insti- 
tution over a seventeen year period, which is 2,658: 1,465. However, it is note- 
worthy that 40.7 per cent of males had a 1 plus incidence, compared with only 
25 per cent of females; owing to this disproportion, the influence of sex cannot be 
entirely dismissed in relation to severity. 


COM MENT 


The multinucleated giant cells found in the proximal convoluted 
tubules are not to be confounded with those occurring in the distal 
tubules. The latter are seen in various forms of lower nephron nephrosis 
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8 


and have been described in multiple myeloma,"’ sulfonamide reactions ' 


19 


and hemoglobinuric nephrosis. Lowenhaupt *° induced similar cell 
formation in the distal tubules by feeding rats a chloride-deficient diet ; 
the cells were reacting to intraluminal deposits of calcium. In all such 
instances the cells represent a type of reaction to material deposited in 
the tubules, whether it be protein, salts or an organic concretion. On the 
other hand, the giant cell masses of the proximal tubules are not usually 
associated with a visible precipitate or concretion, although in mercury 
poisoning calcium may be deposited in the necrotic cells.*'| The distine- 
tion between these forms is therefore clearcut. 

The sporadic observations that these cells are incidental to isolated 
lesions, together with the description of them given by Podwyssozski '° 
in his studies of regeneration, induced most authors to accept them as 
a form of atypical regeneration ; of these Thorel ** is a chief protagonist. 
This view was greatly strengthened by the careful study of Tilp on 
regeneration in the human kidney, in which he noticed their frequent 
occurrence and supported Thorel’s explanation. Perusal of his mono- 
graph reveals, however, that he did not always distinguish between large 
cells and multinucleated giant cells, so that some cases remain doubtful, 
and further his interest was not so directed that he studied otherwise 
normal kidneys as controls. If one accepts all his cells as multinucleated 
forms, the incidence for his series is 33 per cent; with due regard for 
the precautions suggested this corresponds well with Wittich’s observa- 
tion of 33 instances from 150 consecutive autopsies, or 22 per cent. The 
inconsistency that they are seen with about equal frequency in a series 
of uncontrolled diseased kidneys and in kidneys selected at random 
hardly justifies the conclusion reached by Tilp that they represent a 
peculiar form of regeneration. Closer study of Wittich’s paper elicits 
the fact that in 21, or just under 66 per cent, of his cases the only renal 
lesion is a parenchymatous degeneration, a condition often as dependent 
on postmortem as on antemortem events. This absence of a specific 
destructive lesion in such a high proportion of cases suggests that the 
stimulus to giant cell formation is not local and opens the issue to another 
explanation. It may be granted that under experimental conditions 
specific stimuli, such as cutting, freezing, injection of toxins and dietetic 


imbalance, can induce formation of these cells and that they are seen 


when the tissue is recovering from injury. However, it is equally to be 
conceded that with few exceptions such traumas are uncommon in human 
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kidneys. Moreover, we find that in conditions in which regeneration is 
most expected to participate, it is not especially found associated with 
these forms; we find no special incidence in either glomerulonephritis 
or infarct, as Wittich also noticed for nephritis and Rossle for infarcts. 
On the other hand, the uncommonly high incidence of the cells in 
shrunken kidneys and kidneys without other lesion indicates that we 
can seek the cause elsewhere than in distorted regeneration. 

Two facts are salient. One is that no one has ever observed mitotic 
figures in these cells. Wittich is very specific on this point, and we 
have failed to find them in any of our cases with the safranine stain. 
Krompecher ** in his classic study described mitoses in several types 
of giant cells, with careful illustration, and regarded this as a pro- 
gressive development of the cell. On the contrary, he designated 
amitosis as a retrogressive change in this cell, a form of fragmentation 
of the nucleus or a degeneration. The absence of mitoses in the human 
renal giant cells and the fragmentary character of many of the nuclei 
suggest that they conform to the degenerative type of cell and are not a 
progressive, atypical form of hyperplasia. It is perhaps too extreme to 
assume, as did von Rath,”* that once a cell divides amitotically it is 
doomed, but it is consistent to regard such a cell as a degenerative form, 
especially when it fails to effect cytoplasmic division as well and occurs in 
the midst of cells which divide usually by mitoses. The view that mitotic 
figures were present but vanished by the time of autopsy is not sub- 
stantiated, because they often can be demonstrated for some time after 
death,** though chromosomal details are less clear. It is apparent, 
therefore, that the cells conform more closely to degenerative rather than 
progressive types. 

The second fact is the obvious connection with age. Our findings are 
so striking that we reexamined the protocols of Tilp and Wittich, to 
obtain strong confirmation from their figures. Even though they gave 
no special attention to age as a factor, Tilp was drawn to remark, 
“Therefore it seems that the higher age group is most affected, as the 
cases of 81, 80, and 74 year old men show, so that perhaps the manner 
of reparation is characteristic of the aged,” and later stated that there 
occurs “in older individuals the formation of plasmodia and in yonger 
of mitoses.” Even though Wittich offered no reference to age, a com- 
pilation of his findings agrees with ours remarkably well. We are urged 
by the compatibility of these different observations to regard age as a 
most significant factor in the pathogenesis of the renal multinucleated 


epithelial giant cell. The fact that this cell occurs in the shrunken, arterio- 
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sclerotic kidney is probably fortuitous, since both are common in aged 
persons either together or alone. If shrinkage represents a stimulus, it 
might be expected more frequently in the shrunken form of glomerulo- 
nephritis, where it has no especial incidence. It is, therefore, probably a 
form of senile change peculiar to the kidney, and not a type of regener- 
ation. 
SUMMARY 

Multinucleated giant epithelial cells are found in the proximal con- 
voluted tubules of the kidney in 15.2 per cent of routine autopsies. 

They are rare before the age of 40 and from that time increase pro- 
gressively in incidence. 

Because of the lack of mitoses, the nuclear fragmentation and the 


peculiar age incidence they are regarded as degenerative rather than 


atypical regenerative forms. 





QUANTITATIVE ANALYSIS OF THE GROWTH OF EPIDERMIS 


JOSEPH G. HOFFMAN, Ph.D. 
BUFFALO 


HURINGER’S ' data on mitosis observed in the strata of the 

epidermis of the human scalp afford a means for making quanti- 
tative estimates of the relationships between the number of cells of the 
several strata and the rates of reproduction of the different cell types. 
The following analysis is based on the classic picture. in which the 
basal cell layer is assumed to be the generating layer from which cells 
are transformed into spinous cells which in turn become granular and 
finally cornified cells. Cowdry and Thompson? have pointed out that 
the finding that cell division occurs in the spinous layer is not incon- 


sistent with the concept that the basal layer is the generating layer. It 


will be assumed here that after a basal cell becomes a spinous cell it 
undergoes a series of mitotic divisions before it becomes a granular cell. 
In accordance with Thuringer’s data it will be assumed that the granular 
cell does not undergo mitosis. 

The purpose of the analysis is to indicate the manner in which the 
mitotic index can be applied to the different strata of the epidermis in 
order to estimate the time sequence of the stages of differentiation in 
the history of a cell. The time spent by a cell in each stage of differ- 
entiation, the rate at which cells regenerate in the active strata, the 
number of divisions a cell undergoes as a spinous cell and the total 
time of renewal of the entire epidermis will be computed. The analysis 
will serve to indicate the approximations which must be made at the 
present state of knowledge and also to point out the important role 
which the duration of the mitotic process and the intermitotic time 
play in any quantitative analysis. 

In order to make use of Thuringer’s data on the mitotic index of the 
epidermis of the scalp it is necessary first to count the relative numbers 
of cells in the strata designated by Thuringer, namely, the basal, the lower 
third of the spinous (1/3), the middle third of the spinous (m/3), the 
outer third of the spinous (0/3) and the granular stratum. Fortunately, 
Thuringer ' has published excellent photomicrographs of the scalp. 
In table 1, first column, is the relative number (7) of the cells in 


1. Thuringer, J. M.: (a) Anat. Rec. 28:31, 1924; (b) 40:1, 1928 
2. Cowdry, E. V., and Thompson, H. C.: Anat. Rec. 88:403, 1944. 
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each stratum taken from Thuringer’s photomicrographs. It should be 
pointed out that the enumeration was made of nuclei rather than of cells, 
since the nuclei are definitely discernible, whereas the cells are not. 
Also, it has been assumed that the tissue sections shown in Thuringer’s 
photomicrographs were cut perpendicularly to the plane in which the 
basal cells lie. The numbers of spinous and granular cells relative to 
the number of basal cells seen in a section are dependent on the angle of 
cutting. The analysis based on the relative numbers of cells depends 
on the sectioning being perpendicular to the plane of the basal layer. 
Table 1 shows the mitotic indexes of the strata computed from the 
values of m and Thuringer’s published distribution of mitoses in the strata. 
If the average mitotic index for the entire epidermis is MJ (which 


TABLE 1.—Mitotic Indexes of the Strata of the Epidermis Based on Thuringer's 
Original Data» and Photomicrographs 





Relative Celis as Percentage Mitotic Index 
Number of Percentage of Mitoses of Layer 
Cell Stratum Cells (n) of Total * in Layer (mi)t 
Basal Secccecescsses ° ° 10.0 36.4 12 16x 10-* 
||. | Se oes 8 29.4 30 
Spinous (m/3) 
Spinous (0/3) 
. Total spinous..... 
Granular.... oe 


5.9 19.0 46 
4. 15.3 12 
7.5 63.6 88 
4. eres 


0 





* The values are for mitotically active layers only. 
+ This was computed by equation 1. 


Thuringer *® gave as 4.15 & 10°* mitoses per cell), then the mitotic 
index for each layer (mi) is given by equation 1. 

. % of mitoses in the layer - Vi 

= ae : a ) 

— % of all cells in the layer : ‘ 

It should be noted that the total mitotic index MJ = 4.15 & 10°* has 
not been corrected for the presence of the nonactive granular cells. 
They comprise 4.2 cells in a total of 31.7, which leads to a correction 
of 12.5 per cent, making the value of MJ 4.7 « 10,* which was used in 
computing the values of mi in table 1. 

In the application of the mitotic index one uses the fundamental 
relationship of equation 2, below, between the mitotic index, mi, and 
the duration time of mitosis, 7, and the cell doubling time, 1, which is 
also the intermitotic time. 

mi = T/L (2) 
For a discussion of this relationship I refer to a previous article.*. The 
expression of the mitotic index in equation 2 is applicable to stationary 


3. Hoffman, J. G.: Science 106:343, 1947 
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populations of cells—e. g., populations in which there is continual turn- 
over but in which the total number of cells present remains constant 
with time. In the analysis I shall use the subscripts b, s, and g to 
denote the basal, total spinous and granular strata, respectively. For 
convenience, I shall introduce the regeneration constant, A, which 
denotes the cells generated per cell per hour. Thus if there are n, basal 
cells, the rate of regeneration of basal cells will be mA, cells per hour. 
The quantity A is related to L as follows: A = 1/L = mi/T. 

In order to use the mitotic index given in equation 2, it is necessary 
to know the duration time of mitosis, 7. Thuringer '” made estimates 
of this time for human material and stated that it is of the order of 4 
to % hour. I shall compute my data using the two values, namely, 
T = % hour, and T= ¥, hour. Table 2 shows the values of A and 


TaBLe 2.—Regeneration Constants and Relative Regeneration Rates of the Strata 
of Epidermis 





Relative T = 4% Hour T = % Hour 
Number of — oe * — - 
Cell Stratum Cells (n) = mi/T ny * \ = mi/T nd 


Basal.... ; ‘ : 10.0 4X 0.0064 3.2 x 10-* 0.0032 
Spinous (1/3)... 8.1 ‘ 0.0154 9.5 x 10-* 0.0077 


Spinous (m/3). 5.3 0.0234 22.5 x 10-* 0.0117 
Spinous (0/3)... 4 15 x 10-* 0.0063 7.5 x 10-* 0.0082 
7.3 


Total spinous.. 1 26 x 10-* 0.0455 13.5 x 10-* 0.023 





*n\ = cells per hour, where \ = cells per cell per hour. 


nd when both values of T are used. It then gives the number of cells 
generated per hour for the relative number of cells (7) given in column 1. 

A comparison of the relative regeneration rates of the basal and the 
total spinous layer shows that approximately 8 cells are produced in 
the total spinous layer while 1 cell is produced in the basal layer by 
mitosis. This estimate is based on the assumption that the division 
time, 7, is the same in both layers. The ratio of the relative regeneration 
rates is MA,/MpAy = Ng(m1),/N,(mt)»y, and from table 2, last column, 
this ratio is 0.023/0.0032 —7.2. In a first approximation the ratio 
suggests that a cell undergoes three divisions while in the spinous state 
(2* 8) while a basal cell undergoes a single division. 

A more detailed analysis can be made by the use of the fundamental 
assumption that the tissue strata are in a state of cellular equilibrium. 
According to his assumption, the rate at which cells are produced by 
mitosis in the basal layer equals the rate at which cells leave the basal 
layer to become spinous cells. Similarly, the spinous cells leave the 
spinous state at a rate equal to the rate at which they are generated 
in the spinous layer. If there are x divisions undergone by a cell after 
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it leaves the basal layer, the relative rate of generation of spinous cells, 
MsAs, iS equal to 2° times the relative rate of generation of basal cells, 
NyAv. 

nA, = mA, X 22 (3) 


In equilibrium the rate at which cells enter the granular layer is equal 
to the rate of production of spinous cells. 
Mer, = NA, mA, X 24 (4) 

In the case of the granular layer A, has no connotation of cell regeneration 
but is simply the reciprocal of the lifetime L, of the cells in the granular 
state; Ag=1/L,. The ratio of the relative numbers of spinous and 
basal cells becomes: n,/m,— 2" (As/A,y) — 27 (L,/L.). where the 
L’s are the intermitotic periods. From table 1, if m — 1, then n, = 1.75. 
The intermitotic period, Ly, for the basal cells is computed as follows: 
Ly = I/Ay = 1/3.2 &K 10°* = 3,100 hours (from table 2, where T = 
% hr.). To solve for L, then one has: n,/m) = 1.75 = 2" (L,/3.1 X 
10*) and L, = 5.4 & 10°/2". Now L, also equals T,/ (si),, so that 
it is possible to estimate 7, on the basis of the n’s and mi’s instead 
of arbitrarily assuming a value as was done in table 2. Thus, 7, = (mz), 
(5.4 « 10*) /2%. From table 1 (mi), is 6.5 & 10°* and therefore 
T,= 3.5/2". If + = 3, then 7, 043 hour. This assumes that in 
the basal cells the duration of mitosis is 7), or 0.5 hour, and that + = 3. 
The result means that the relative number of cells, n, and the mitotic 


activity indicate that the division time of the spinous layer is of the same 


magnitude as that of the basal layer. Conversely, the result indicates 
that if the duration times of mitosis of the two layers are carefully 
measured, it is possible to calculate the value of x from the n’s and miu’s. 

For an estimate of the lifetime of cells in the granular state one 
may refer to equation +: nyAg = 2” (m,A,). One takes + =—3, m, = 10 
and n, = 4.2 (from table 1) and Ay = 3.2 « 10° cells per cell hour 
(from table 2). Thus A, == 8 (10) (3.2 « 10°*) /4+.2=—5.3 * 10 
per hour, from which the granular lifetime is L, 1/dA, 189 hours or 
7.9 days, if the value of T,, = % hour. 

The detailed estimation of the time sequence of the spinous layer is 
not possible with the existing data on these cells. Only the broadest 
estimates based on crude assumptions can be made. Thuringer’s arbitrary 
division of the spinous stratum into three layers with differing mitotic 
activities (table 1) gives an insight into the difficulties encountered. 
In the following discussion it will be assumed that the duration of 
mitosis is % hour. If no cell division occurred in the spinous layer, 
the lifetime of spinous cells would be given by the total number of 
spinous cells present divided by the rate of production of cells of the 
basal layer: 17.5/0.0032 = 5,500 hours. But since it is known that 
division occurs in the spinous layer, this value of spinous lifetime is 
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too long. On the basis of the mitotic index for the total spinous layer 
the intermitotic time is computed as L, = 1/A, = 1/13.5 K 10°* = 740 
hours. Similarly one can compute the intermitotic times in all three 
spinous layers as given in table 3. The sum of the intermitotic times 
in the three layers is 2,820 hours. On the other hand, if one assumes 
the value of 740 hours per division and three divisions, the time spent 
in the spinous layer is 2,960 hours. 

A detailed analysis of the three layers of the spinous cells could 
best be made by carrying out the computations indicated by equation 
3 and using first the equilibrium condition between the basal and lower 
third of the spinous layer. But here, as in the equilibrium between 
the lower and the middle third of the spinous layer, the value of x in 
equation 3 is unknown. In order to specify more accurately the inter- 
mitotic times, the value of the duration of mitosis in the three sections 
of the spinous layer is required along with the mitotic indexes. In 


TABLE 3.—I/ntermitotic Time, L, in Each Stratum of Epidermis * 


- 4 Hour T = % Hour 
1/A Ff L< A 
Basal F ; é wawdhe 1,550 hr 3,100 hr. 
Spinous (1/3)... nihainaetn scowarteeeese 525 1,050 
Spinous (m/3) baeeenenseinit — avenee 220 440 
Spinous (0/3)..... ; caeenodes occesee 665 1,330 
OSE COMB... ccccccecccs eaeken 370 740 


Cell Stratum 


* The figures beyond the second place are not justified by the experimental data but are 
shown here for convenience of identification in the é. 
+ \ is taken from table 


table 3 the intermitotic times are computed on the assumption that in 
all cells the duration of mitosis is 4% or 4 hour, which must be regarded 
as a crude simplification to indicate the main trends of the-times. It 
is probable that at least the duration of mitosis of cells of the basal 
layer differs from that of cells of the spinous layer. With this in mind 
one can make a speculative estimate of the time sequence of differentiation 
from table 3 by assuming T = % hour for basal cells and then assuming 
that 7 4 hour for spinous cells. A sounder estimate will rest on 
additional experimental data on the values of 7 along with the mitotic 
indexes 
COMMENT 


The foregoing analysis points to a time sequence of differentiation 


in the strata of epidermis which may be described as follows: Referring 
to the case in which it is assumed that the duration of mitosis, T 
hour, table 3, a group of 10 basal cells will produce 10 new basal cells in 


»is% 
3,100 hours. In the same period of time the adjacent 8.1 cells in the 
lower third of the spinous layer will produce 8.1 (3,100/1,050) or 24 


new cells. Similarly the 5.2 cells in the middle third of the spinous 
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layer will produce 5.2 (3,100/440) or 37 new cells, and the outer 
third of the spinous layer having 4.2 cells will produce 4.2 (3,100/1,330) 
or 9.8 new cells. Thus the entire spinous layer will generate a total of 
24 plus 37 plus 10 = 71 new cells in 3,100 hours, while the 10 related 
basal cells will produce 10 new cells. The amplification in numbers 
of cells in the spinous layer is thus 7.1. The 71 new cells are produced 
at a rate of 71/3,100 or 0.023 cell per hour. If the number of cells in 
the granular layer is to remain constant at 4.2 cells, the 71 new cells 
will pass through the granular layer with a lifetime of 4.2/0.023 or 
183 hours (7.6 days). Concerning the fate of the cells in the keratinized 
state, little can be said except that in a given case in which the mean 
life and the relative number of granular cells are accurately known, 
it is possible to estimate the rate of sloughing away if a count is made 
of the relative number of cornified cells present. 

One feature which requires experimental study is the long lifetimes 
of basal and spinous cells. Sutton * estimated that the epidermis is 
renewed in a time of about 7 to 11 days. This estimate compares with 
the value of 7.6 days’ and 7.9 days’ lifetime of granular cells estimated 
in the foregoing paragraph. However, the basal and spinous cells are 
replaced in about 1,500 or 3,000 hours accordingly as one assumes 
for 7 a value of ™% or a value of % hour. Sutton’s estimate is based 
on painting the epidermis (human) with 10 per cent silver nitrate 
solution and observing the rate of disappearance of the colored area. 
The calculated estimates of the@@ranular lifetime suggest that the silver 
precipitate was associated with the cornified or granular layer rather 
than with the lower layers. 

The foregoing analysis was carried out for the purpose of estimating, 
if possible, the relative rates of growth of basal and spinous cells. Tables 
1 and 2 indicate that in an equal period of time the spinous cell will 
divide at least three times while the basal cell divides once. The ratio 
of 3 in the division rate of these two cells is comparable to the ratio of 
the growth rates of basal and epidermoid carcinoma as measured by 
Schrek.° The similarity between the data for normal scalp computed 
in the foregoing pages and Schrek’s data for carcinoma may be 
fortuitous. Briefly stated, his data show that the median growth rate 


for basal cell carcinoma is 0.51 mm. per month, while that for epidermoid 
carcinoma is 1.85 mm. per month, the ratio being 1.85/0.51 — 3.6 


(table 2).° The ratio of growth rates, however, does not give infor- 
mation about the absolute growth rate of the cancerous cells. 

The sequence of differentiation considered in the numerical analysis 
of tables 1, 2 and 3 is based on the assumption that the countable 


4. Sutton, R. L.: Arch. Dermat. & Syph. 37:742, 1938. 
4a. Current experiments show that the color due to silver nitrate painting is 
associated only with the cornified layer 


5. Schrek, R.: Arch. Path. 31:422, 1941. 
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nuclei represent cells and are derived from normal mitosis. No correc- 
tion has been made for possible amitosis. Also, it is assumed that mitosis 
occurs uniformly at random in time and throughout the tissue. We 
assume that the “growth waves” suggested by Thuringer '” are averaged 
out in the average mitotic index which exists either over a long period 
of time or else over a large area of epidermis. 

The computations indicate the importance of determining the actual 
mitotic indexes in the separate layers with the relative numbers of cells 
present in the several strata. I have taken a total mitotic index for the 
entire epidermal layer and partitioned it according to the relative numbers 
of cells and the relative incidences of mitoses as published by Thuringer. 
The single most important item lacking is the duration time of mitosis 
of each of the various types of cells of epidermis. This is a quantity 
of fundamental interest because it influences the mitotic count directly. 
For instance, it is desirable to know whether a cell such as the early 
spinous type, which multiplies rapidly, has a shorter duration of mitosis 
than the more slowly multiplying basal cell, and whether the duration 
time of mitosis can be correlated with multiplication rate. The compu- 
tations presented herein serve to indicate the consequences of the 
fundamental assumption that all the cells of the stratified epidermis 
originate in the basal or “germinal” cells. The validity of the basic 
assumption that the basal layer’ is the generating layer cannot be estab- 
lished by the foregoing computations without additional experimental 
data. 

SUMMARY 


The relationship between the mitotic index, the duration time of 
mitosis and the cell number doubling time is applied to the growth ‘of 
the strata of the epidermis of the scalp in which it is assumed that 
cells originate in the basal layer and by a process of differentiation become 


cornified cells. Thuringer’s data on the mitotic activity in scalp are 
utilized to estimate the time sequence of the differentiation of cells in 
epidermis. 


differentiation is: 3,100 hours as a basal cell, 2,900 hours as a spinous 


If the duration of mitosis is % hour, then the time sequence of 


cell and 190 hours as a granular cell. The rate of division of spinous 
celis is three times that of the basal cells. This ratio of division rates 
is comparable to the ratio of growth rates of epidermoid and basal cell 
carcinoma as measured by Schrek. 








REGIONAL PLURICENTRIC HEMOLYMPHOLIPOBLASTOSIS 


C. G. TEDESCHI, M.D. 
FRAMINGHAM, MASS. 


SINCE Lobstein' first used the term “retroperitoneal sarcoma,” 
in 1829, each case reported has added to the diversity of the histo- 
logic types of this tumor. Among the broad varieties which have been 
described, including simple epithelial cyst, composite dermoid teratoma, 
cystic adenoma, mesothelioma, leiomyoma, lymphangioma, lymphoma and 
neuroblastoma, those pertaining to the lipid system have attracted the 
greatest attention. Their structural appearance in many cases is that of a 
benign growth, yet they show a tendency to recur, thus behaving like 
a cancer. Among the 176 cases of retroperitoneal lipoblastoma analyzed 
by von Wahlendorf? there were 21 in which the growth hecame 
cancerous, and in 15 of the 115 in which the growth had been removed it 
recurred in a short time. This appears to be true also in the series of 30 
cases with six deaths, six recurrences and three additional possible 
recurrences reported by Pemberton and Whitlock.? These authors 
demonstrated that in 14 per cent of their cases cancer was already 
present in the growth at the time of operation, a demonstration which 
justifies the opinion ventured by a number of authors that the tendency 
of these supposedly benign tumors to recur is due to the presence of 
sarcomatous elements which are often missed through incomplete histo- 
logic study. Another explanation that has been offered is that a number 
of recurrences of apparently benign fatty tumors represent small out- 
growths overlooked at operation; so thought von Wahlendorf,? who, 
after the removal of a lipoma which weighed 7,000 Gm. and during the 
final revision of the wound bed, discovered and removed fifteen 
additional small growths. Miller * also reported a case of multiple retro- 
peritoneal lipomas, + of which, totaling 6,000 Gm. in weight. were 
removed, whereas several others had to be left behind because of their 
closeness to vital structures. 
Since by definition a primary retroperitoneal tumor arises from 
cellular elements included in the space comprised between the lumbar 
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and iliac regions, the peritoneum and the posterior parietal wall of the 
abdominal cavity (Donnelly *), cases in which there is an extension 
of the neoplastic process elsewhere in the abdominal cavity should not 
be considered in this category. Yet it must be more than incidental 
that there is frequent concomitance of retroperitoneal fatty tumors and 
fatty growths of a similar nature elsewhere in the abdominal cavity and 
even beyond it, in other parts of the body. 

From the standpoint of localization, conditions diagnosed as lipo- 
blastosis were divided by Goormaghtigh and colleagues* into two 
groups: the ones arising in the subcutaneous tissue and the ones arising 
in the internal cavities and deep organs. Among the conditions diagnosed 
as lipoblastosis of the internal cavities the authors distinguished fat 
tissue proliferation in a disorderly multicentric distribution affecting 
different parts of the body and fat tissue proliferation, either single or 
multiple, strictly limited to one region of the body (regional, localized 
or pluricentric lipoblastosis ). 

Since the retroperitoneal space is listed as the most frequent site both 
of the localized and of the pluricentric regional growths, there must 
be some truth in Kénig’s* suggestion of the occurrence of a diffuse 
aniage, extending from the space of Retzius to the kidneys, along the 
ureters. 

In the cases of Hirsch and Wells * sites of fat tissue proliferation were 


the retroperitoneal space, the mesentery and other peritoneal folds. 
In Martland’s * case the retroperitoneal space, the pelvis, the perirenal 


region, the mesentery of the small intestine and the gastrocolic omentum 
were involved by the proliferative process. In a case that I had the 
opportunity to study *° fatty nodules were present along the course of 
the vessels of the left adrenal gland and in the mesentery of the ileum. 
The mesoappendix and the transverse mesocolon were infiltrated by 
similar nodular fat tissue growths and a large fatty mass almost com- 
pletely obliterated the cul-de-sac of Douglas. Other sites of fat tissue 
new growths were the neck, the abdominal wall, the thigh, the popliteal 
space, the vertebrai column and the thoracic cavity. 

The ill defined limits among “‘lipopathies”” and the frequent over- 
lapping of morphologic aspects in the great variety of conditions in 
which overgrowth of fat tissue occurs explain the difficulties that are 
encountered in interpreting and classifying these extensive fat tissue 


5. Donnelly, B. A.: Surg., Gynec. & Obst. 83:705, 1946 

6. Goormaghtigh, N.; Vanderlinden, P., and de Puysseleyr, R.: Cancer, 
Bruxelles 13:3, 1936-1937. 

7. Konig, cited by Goormaghtigh and others.*® 

8. Hirsch, E. F., and Wells, H. G.: Am. J. M. Sc. 159:356, 1920. 

9. Martland, H.: Arch. Path. 5:932, 1928. 

10. Tedeschi, C. G.: Arch. Path. 42:320, 1946. 
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new growths. This is clearly shown by the diversity of labels with 
which comparable observations have been deposited in the literature. 

There are on record cases of lipoblastosis which became locally 
progressive and exhibited wild potentialities of growth (Robertson *'), 
and apparently similar cases in which gradual retrogression of the 
newly formed masses occurred ( Mirolli'?). Immature cells appearing 
in the new growth may lead to a false impression of a cancerous 
process (Jaffé’*) and yet an entirely mature cell growth, arousing 
no untoward suspicion from the histologic standpoint, may late be the 
site of repeated recurrences (Tedeschi '’). Ewing's '* subdivided lipo- 
sarcoma into two varieties, an adult fat cell type and an embryonal fat cell 
type, and the subdivision is generally accepted, but transformation from 
one cytologic type to another is not rare (Lang '*), and there are, in 
addition, a number of cases in which the liposarcoma hardly fits into 
either of the two categories. According to Jaffé'* a sarcomatous 
change within the stroma of a fat tissue growth does not fulfil the 
qualifications of “‘liposarcoma.” He also excluded from this category 
the mixed tumors in which fat tissue is associated with other types of 
tissue exhibiting evidence of cancerous change but in the growth of 
which the fat tissue per se seems to play a passive role. He is also 
inclined to deny the sarcomatous nature of the lipoblastoma which, 
although composed of embryonic fat cells, shows little evidence of 
cellular anaplasia and in general absence of mitotic figures. Along this 
line is my recent attempt'® to segregate from the group of cases of 
sarcoma a number of well selected ones in the literature in which, 
although characterized by multiple recurrent fat tissue growths, the 
neoplasm fails to reveal, on histologic ground, any evidence of structural 
or cellular anarchy. 

That difficulties still exist in classifying is shown also by the case 
presented here, in which a systemic neoplastiform proliferation of the 
retroperitoneal fat and of practically all intra-abdominal fatty struc- 
tures turned out, on microscopic study, to be characterized by a 
harmonic, and not at all anaplastic, proliferation of cells of the myeloid 


and of the lymphoid series and of young mesenchymal cells apparently 


lacking any lipid storage properties, the whole resulting in a tissue 
which was reminiscent of an embryonal preadipose fat tissue. 

The unusual features of the tumor, which hardly fits in any of the 
labeled categories of fat tissue overgrowths, are now described. 

11. Robertson, H. F.: J. M. Research 35:131, 1916 
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14. Ewing, J.: Neoplastic Diseases, ed. 2, Philadelphia, W. B. Saunders Com- 
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15. Lang, W.: Arch. f. klin. Chir. 155:349, 1929. 
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REPORT OF A CASE 

L. G., a 75 year old white woman, was admitted to the Framingham Union 
Hospital because of ascites of four months’ duration. She could add little more 
to this history, and there were no clues as to the cause of the ascites. The 
chief finding on physical examination was a large abdomen so distended with 
fluid that no organs or masses could be palpated. Rectal examination revealed 
nothing of note, and because of the ascites pelvic examination was unsatisfactory. 
A peritoneoscopic examination was made, but only a small amount of ascitic 
fluid could be obtained and nothing was visualized. 

Approximately one hour after the operation the patient went into severe 
shock and became pulseless, pale and sweaty; the systolic pressure dropped down 
to 60, and marked tenderness developed on the right side of the abdomen where 
the peritoneoscopic procedure had been performed. Despite the administration 
of oxygen, of cardiokinetic stimulants and of a promptly delivered blood trans- 


Fig. 1—Specimen from the greater omentum (detail in actual size) showing 
marked lobulation resulting in irregularity of the surfaces. 


fusion, the patient did not come out of shock and died three and one-half 
hours after the operation. 

Summary of the Autopsy Record—When the usual Y-shaped incision was 
made, a large hematoma extending from the right costal margin to the iliac crest 
was found in the thickness of the right abdominal wall. The blood, in an estimated 
amount of 500 cc., was partly clotted and partly still in a fluid state. More 
blood clots were found free in the abdominal cavity, floating in a chylous exudate 
of an estimated amount of 2,000 cc. 

The greater omentum covered most of the intestines and was unusually thick 
ened throughout, from 3 to 7 cm. in the different areas. It was firm in con- 
sistency and markedly lobulated in appearance, although no actual nodular masses 
could be felt. Soth externally and on the cut section the color varied from 
yellowish gray to yellowish pink, with fine bands of glistening pale gray tissue 
crossing one another in network fashion (fig. 1.). 
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When the omentum was pushed aside, an identical appearance was shown 
by the mesentery of the ileum, by the epiploic appendixes, by the mesoappendix 
and by the mesocolon throughout, all of which were unusually thickened (figs. 2 
and 3). The retroperitoneal fat also was greatly increased in amount and 


appeared as a resilient mass which indistinctly merged into sausage-shaped fatty 


Fig. 2.—Specimen from a representative segment of the small intestine, includ 
ing the thickened mesentery, showing the stiff appearance of the loops, which 
are coated throughout with a layer of yellowish gray lardaceous tissue. 


Fig. 3.—Specimen from a portion of the sigmoid flexure enveloped by the over- 
grown fatty tissue, which merges into the thickened epiploic appendixes. 


masses which surrounded the vertebral column, following the course of the large 
blood vessels up and beyond the iliac bifurcation. 

The cul-de-sac of Douglas was almost completely obliterated by a yellowish 
gray, pinkish tissue which in all respects resembled the omental tissue and the 


fat tissue in the other abdominal localizations. From the cul-de-sac the fatty 
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mass had extended toward the broad ligaments; which appeared as two thick, fringed 
aprons completely enveloping the uterus, the tubes and the ovaries. 

Both the large and the smal! bowel had a stiff appearance and were covered 
throughout with a thick layer of yellowish gray lardaceous tissue which smoothly 
merged into the enormously thickened epiploic appendixes. On coronal section 
it was clear that the fatty infiltration of the intestinal wall did not extend beyond 
the serosa, both mucosa and muscular coats appearing grossly normal. The 
fatty capsule of the kidneys was also thickened, averaging from 3 to 5 cm.; the 
usual soft yellow-colored tissue was replaced at many points by a firmer and 
paler tissue which indistinctly blended into the normal fat tissue. The mesen- 
teric and periaortic lymph nodes could hardly be detected in the overgrown fat 
tissue and did not appear to be unusual in size, shape or any other characteristic 

A chylous fluid, identical in character with that found in the abdominal 
cavity, was present in both pleural spaces, 400 cc. in the right and 300 cc. in the 


Fig. 4—A, low power view of the greater omentum showing fatty spaces 
separated widely, one from the other, by a harmonious infiltration. of cells. 
Regardless of the localization, this was invariably the structure displayed by the 
intra-abdominal fatty masses. Photomicrograph, ocular 5, objective 10, Zeiss. 


B, area from the same field at higher magnification showing large lympho 
cytoid cells, interpreted as histiocytes, and darker smaller cells with character- 
istics of lymphocytes. Photomicrograph, ocular 10, objective 40, Zeiss. 


left. On investigating the cause of this condition, attention was brought to the 
thoracic duct. Its lower third, over a tract 3 cm. in length, was found to be 
markedly dilated, up to the circumference of a pencil. On sectioning, this dilated 
portion was seen to be located above a yellowish gray mass the size of a pea, 
friable, firmly adherent to the duct’s walls and occluding the lumen almost com- 
pletely. 

Additional findings were: hypertrophy and dilatation of the left ventricle of 
the heart, accompanied with mild generalized myocardial fibrosis; diffuse arterio- 
sclerosis, most severely affecting the renal vessels and resulting in bilateral 
nephrosclerosis; congestion of the lungs, the liver and the spleen. 
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None of the fat deposits in the body appeared to be unusual, and the sub- 
cutaneous fat, which at the level of the abdominal wall averaged 1.5 cm. in 
thickness, failed to reveal any deviation from the normal. 

Microscopic Observations—Regardless of the localization of the intra-abdominal 
fatty masses their structural characteristics were invariably the same. Under 
low power magnification the striking pattern was that of fatty spaces, either 
sparse or in small groups, separated from one another by a harmonious and 
diffuse infiltration of cells (fig. 4), the whole resulting in a tissue which was 
reminiscent of hyperplastic bone marrow. On closer examination the cells 
taking part in the infiltration were seen to fall into one or another of the fol- 
lowing categories: (a) the most common cell type basically resembled a lympho- 
cyte (fig. 5). It differed from the usual lymphocyte, however, because of the 
more coarsely granular appearance of the nuclear chromatin, the less pronounced 
cytoplasmic basophilia and the cellular outlines that were often polyhedral instead 


Fig. 5.—Area from another section of the omentum including immature cells 
of the myeloid series. Photomicrograph, ocular 5, objective 40, Zeiss. 


of round or oval. A few of the nuclei were small, but the majority were 
large, occupying from one half to two thirds of the cellular diameter. An 
occasional nucleus contained one or two nucleoli or a single large nucleolar struc- 
ture almost as large ds the entire nucleus. The cytoplasm was narrow, dense 
and_ basophilic. 

(b) Irregularly intermixed with these cells, whose characteristics closely 
resembled the lymphocytoid cells (Maximow '*; Tedeschi'!*) of the connective 
tissue (generally interpreted as histiocytes), were typical lymphocytes, and what 
seemed to be transitional patterns between the two cell types could be recognized 
here and there. In some areas the lymphocytoid cells prevailed, whereas in 


some other areas the lymphocytes were predominant 


16. Maximow, B.: Textbook of Histology, Philadelphia, W. B. Saunders 
Company, 1934 
17. Tedeschi, C. G.: Arch. ital. di sc. med. 13:257, 1932. 
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(c) In the mist of these cells, lymphocytoid in character, a few spindle cells, 
thickly interlaced, and large, irregularly stellate cells with branching cytoplasmi~ 
processes, often fused together in syncytial masses, could be seen, but they were 
far from being numerous or otherwise conspicuous. 

(d) Among the non-fat-bearing cells immature hematic cells, including myelo- 
cytes and nucleated red cells, were also present, either sparse or coalesced into 
small nodular formations which assumed the appearance of foci of extramedullary 
hemopoiesis (tig. 3). In the areas where the lymphocytoid cells were exclusive 
no intercellular substance could be recognized; where the fibroblasts and the 
undifferentiated branching cells were present, a few delicate interlaced reticulin 
fibers could be seen and in their méshes there was’ an amorphous eosinophilic 
material which could not be stained with mucicarmine. No mitotic figures or 
any other pattern which might be suggestive of an anaplastic cellular growth 
were ever seen. Staining for fat droplets revealed none in the cells infiltrating 
between the fat spaces in spite of occasional cytoplasmic vacuoles seen in the 
sections stained with hematoxylin and eosin. 

Blood capillaries could not be seen in the most cellular areas; where the 
cells were less abundant, capillaries could be recognized and were found not to 
be unusual either in number or in character. The fat cells showed evidence of 
simple atrophy in the absence of retrogressive change or of any attempt at 
cellular proliferation. 

Without variations, this was the appearance of the outgrowing fat tissue 
throughout the abdominal cavity. Where the fatty masses lay close to the 
abdominal organs, the cellular infiltrate that had so widely replaced the fat 
tissue stopped abruptly and in no instance was seen to cross over the fat itself 
and to penetrate into the adjacent structure. This appeared to be true in broad 
sections, including the perirenal fatty capsule and the kidney proper, which was 
found to be immune to any cellular infiltration, and in coronal sections both from 
the small and the large bowel, in which the cellular infiltration was seen to 
stop abruptly at the limits between the fatty serosa and the subjacent, perfectly 
normal muscular coat. An identical behavior was displayed by the sections from 
the uterus, the fallopian tubes, the ovaries and the adrenal glands, which, in 
spite of being enveloped by the outgrowing fat, were found to be free from 
cellular invasion. 

That the retroperitoneal fat tissue and the other intra-abdominal fatty struc- 
tures were the only ones involved by the process was shown by the absence of 
any similar change in any of the remaining organs of the body. Particular 
attention was given to the spleen, to the abdominal and extra-abdominal lymph 
nodes and to the intestinal lymph follicles. None of these lymphoid structures 
were found to be unusual except for a good deal of fatty replacement of the lymph 
nodes in the mesentery. Smears of sternal marrow failed to reveal any deviation 
trom the normal. Blocks of subcutaneous fat, of mediastinal fat and of the fat 


tissue of the axillary fossa did not show any increase in cellularity or any other 


pattern which might suggest even an early stage of a process comparable to 
that detected in the abdominal fat. 

A structure identical with that displayed by the abdominal fat was shown, 
however, by the mass occluding the thoracic duct, the lumen of which was seen 
to be occupied by a few fat spaces widely infiltrated by cells which in all respects 
resembled the cells infiltrating the fatty structures of the abdominal cavity. At 
the level of the occlusion the walls of the thoracic duct were thin but otherwise 
not remarkable except for patchy areas showing sloughing off of the lining 
endothelium 
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COMMENT 

A systemic outgrowth of the fat tissue of the retroperitoneal space 
and of practically all intra-abdominal fatty structures, including the 
greater omentum, the mesentery of the ileum, the epiploic appendixes, 
the entire mesocolon, the mesoappendix, the broad ligaments, the cul-de- 
sac of Douglas and the fatty capsule of the kidneys, was the unusual 
characteristic of the case here reported, which from the standpoint of 
a gross description falls into the category of the regional pluricentric 
lipoblastosis of the classification given, by Goormaghtigh, Vanderlinden 
and de Puysseleyr.* 

When one tries to explain the nature of the process, the first ques- 
tion is whether the outgrowing fatty masses were the exponent of a 
widely spreading lipoblastic sarcoma that started in one or another 
fatty area within the abdominal cavity, or whether they were a mani- 
festation of a systemic process which independently had involved all 
the abdominal fatty structures. If one considers the outgrowing fatty 
masses to have been independent, the second question is whether they 
were cancerous in the strict meaning of the term, or whether they were 
the expression of a proliferative process of a different nature. 

The outgrowing fatty masses differed a good deal from the normal 
:fat in color and consistency, yet they lacked the nodular distribution 
which is generally met with in the usual tumor implants; furthermore, 
no organ or structure could be incriminated as the primary source of 
the neoplastic process; only the presence in the thoracic duct of what 
obviously evidenced a fat cell invasion of the system of the lymph 
channels inclined the observer toward the conception of a cancerous 
process. 

Regardless of the localization, in none of the numerous microscopic 
sections of the various fatty masses was evidence found of mitotic 
figures or of cellular anarchy, the structure being invariably that of an 
interlacing of lymphocytoid cells, of embryonal connective tissue cells 
and of immature hematic cells of all series infiltrating the fatty spaces. 

These being the main features of the process, it is apparent that the 
case does not fit in any of the categories of lipid tissue new growths; 
there was nothing to suggest an adult fat cell type of liposarcoma, 
characterized by rounded or polygonal granular cells simulating closely 
those found in chronic inflammation of fat tissue; the ‘embryonal fat cell 
type of liposarcoma could also be excluded in the absence of patterns 


suggesting arrest in the differentiating of embryonal mesenchymal cells 
into fat cells, with exhibition of either myxomatous or foamlike prop- 


erties. 
\ sarcomatous change within the stroma of the fat tissue or a 
propagation in the fat tissue stroma of a cancerous new growth started 
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elsewhere, although not fulfilling the qualification of liposarcoma 
( Jaffé **), has also to be given some thought but, as already mentioned, 
no mitotic figures or any other evidence of cellular anaplasia could be 
noticed among the proliferated cells and no structure in the body, 
including the lymphatic and hemopoietic systems, displayed patterns 
which could even be doubtfully of a neoplastic process. 

Turning to other pathologic conditions—another possibility which 
must be considered is that the systemic proliferation of cells within the 
abdominal fat might have been the exponent of an inflammatory response 
to some sort of injurious agent. 

Reactive phenomena in the fat tissue do not differ from those in 
other organs; the histologic details, however, are peculiar to the special 


nature of the tissue involved. An inflammatory response in the fat 
tissue may fall in one or another of the following three types: (a) 
a nonspecific response, ultimately leading to a process of fibrosis; (>) a 
tuberculoid type of process, mainly characterized by a proliferation of 
epithelioid cells and of fixed connective tissue cells and (c) a phagocytic 


response. The distinction must then be made clear between those 
conditions in which the inflammatory reaction is elicited by the propaga- 
tion in the fat tissue of an injuring agent tha: primarily has affected 
an adjacent structure and those in which the adipose tissue is primarily 
affected. The terms “primary” and “secondary panniculitis” may be 
used to indicate these different conditions. 

As none of the organs within the abdominal cavity or of the organs 
elsewhere in the body showed any evidence of inflammatory processes, 
it is apparent that if the abdominal fatty changes in this case were to 
be considered of an inflammatory nature they would necessarily fall 
under the category of the so-called primary panniculitis. 

The first mention of the possibility that the fat tissue may be the 
site of a primary and independent inflammatory process is attributed 
to Pfeiffer '* (1892). Many years later, in 1916, Gilchrist and Ketron *® 
added new evidence in favor of this conception but it was only in 1925 
that, owing to Weber,”° the process was recognized as a distinct clinical 
and pathologic entity. Since the process was mainly characterized by 
recurrent crops of subcutaneous nodules occurring during febrile periods, 
and the underlying pathologic finding consisted mainly of fat atrophy and 
inflammation in the absence of any other concurrent detectable lesion, 
he termed the condition “relapsing, non-suppurative nodular pannicu- 
litis.” 

18. Pfeiffer, V.: Deutsches Arch. f. klin. Med. 50: 438, 1892. 

19. Gilchrist, T. C., and Ketron, L. W.: Bull. Johns Hopkins Hosp. 27:291, 
1916. 

20. Weber, F. P.: Brit. J. Dermat. 37:301, 1925 
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The description of Christian *' may well be taken as representative 
of the underlying pathologic process, characterized by edema and 
necrosis of the entire fat lobule, by the infiltration between the fat 
cells of lymphoid cells, plasma cells, young connective tissue cells, endo- 
thelial cells phagocytic for fat droplets, a few polymorphonuclear leuko- 
cytes and rare foreign body giant cells and by occasional vascular changes 
of the periarteritic type. To these characteristics Bailey ** added the 
almost consistent integrity of the interlobular connective tissue septums 

hence his impression that the essential change resulted in the appear- 
ance of lipophagic cells (variously interpreted as histiocytes, polyblasts 
or granuloma cells) around the smaller blood vessels within the fat 
lobule. 

What at first was thought to be a localized disease of the subcutaneous 
fat tissue was found to have more extensive roots in the body when 
Miller and Kritzler ** published the first fatal case of panniculitis. 
Besides the subcutaneous lesions, fatty changes and focal necrosis of 
the liver, hydropic degeneration of the adrenal cortex, phagocytosis of 
red cells in members of the reticuloendothelial system and fat embolism 
of the lungs were displayed at postmortem studies. Changes similar to 
those in the subcutaneous fat were found by Spain and Foley ** in the 
mesenteric, in the mediastinal and in the omental fat; in another fatal 
case observed by Mostofi and Engleman** the epicardial, peripan- 
creatic, periadrenal, perirenal and mesenteric fat tissues were found 
to be involved by the process. 

On perusing the literature one finds, however, little agreement as 
to the processes that should be considered under the heading of Weber- 
Christian disease. As changes similar to those described under this 
heading were seen to occur following a mechanical or a chemical damage 


of the fat tissue in the absence of any significant clinical symptom, some 


investigators have been inclined to consider “non-suppurative pannic- 
ulitis” not a disease entity but a syndrome likely to be brought about 
by a number of injurious agents. Considering that a nonsuppurative 
type of panniculitis is often encountered but that only in a limited num- 
ber of instances is it accompanied by the cortege of symptoms character- 
izing Weber-Christian disease, one feels it is reasonable to accept the 
suggestion of Keil*® that the term “‘nonsuppurative panniculitis” be 
used in the general descriptive sense encompassing all pathologic states 


21. Christian, H. A.: Arch. Int. Med. 42:338, 1928. 

22. Bailey, R. J.: J. A. M. A. 109:1419, 1937 

23. Miller, J. L., and Kritzler, R. A:. Arch. Dermat. & Syph. 47:82, 
24. Spain, D. M., and Foley, J. M.: Am. J. Path. 20:783, 1944. 

25. Mostofi, F. K., and Engleman, E Arch. Path. 43:417, 1947. 

26. Keil, H.: Brit. J. Dermat. 47:512, 1935 
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characterized by inflammatory response of the fat tissue—mainly on the 
part of fixed connective tissue cells—and to reserve the term “ relapsing, 
febrile, nodular, nonsuppurative panniculitis” as synonymous with 
Weber-Christian disease. 

This being the situation, Weber-Christian disease is out of ques- 
tion in the case under consideration, as there were none of the symp- 
toms, and the distributions of the lesions were not those encountered in 
that condition. As for a nonsuppurative type of panniculitis, the cellular 
reaction usually found in such a condition compares to a considerable 
extent with the reaction encountered in the case under discussion, but 
in the latter there was none of the edema, necrosis and angiitis that 
almost invariably accompany the tissual change of a panniculitis. 

When the gamut of cells characterizing the fat tissue overgrowths 
of the case under study is compared with that entering into the composi- 
tion of the embryonal preadipose tissue, it is apparent that the two have 


close resemblances. <A _ peculiar “‘open-meshed” tissue, resulting from 


the interlacing of fine connective tissue fibers and of loosely arranged 


cells with two or more long, coarse processes, was seen by Bell ** to 
precede the formation of adipose tissue. As fat began to be deposited, 
the branched preadipose cells became rounded and their processes 
absorbed. In agreement with these early observations is Ferrata’s ** 
inclusion of the fat cell among the cells of the hemohistioblastic system 
and Wasserman’s *" conception of an origin of fat cells from peri- 
vascular mesenchymal cells related to the reticulum. He depicts the 
formation of the “primitive fat tissue’ as being preceded by the forma- 
tion of a preadipose tissue consisting of blood capillaries and of peri- 
vascular histiocytic cells anastomosing one with another by means of 
branching processes. The interstices of the resulting network are later 
invaded by argentaffin fibers and by fenestrated plasmatic membranes, 
in which fat becomes deposited. In between the evolving adipose cells 
he recognized hematic cells of different types (megalocytes, myelo- 
blasts, plasmatic cells), which he thought had originated also from the 
pluripotent periadventitial mesenchymal cells. This has been shown 
also by Cioni,*® who described the formation of hematic cells in the fat 
tissue as being preceded by a differentiating of the histiocytes into 
polyblastic cells. 

The frequent occurrence of foci of hemopoiesis in the fat tissue of the 
adult under a variety of pathologic states (aplastic anemia, leukemia) 

Bell, E. T.: Am. J. Anat. 9:412, 1909. 

28. Ferrata, A.: Le emopatie casa, Ed. Vallardi, 1914. 

. Wasserman, J. A.: Ztschr. f. Zellforsch. u. mikr. Anat. 3:235, 

. Cioni, C Arch. de Vecchi 1:343, 1939. 
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is generally interpreted as a revival of this embryonal condition. Foci 
of hemopoietic tissue in the retroperitoneal fat have been shown by 
Petri,*' most frequently in persons dying of acute infections. Immature 
blood cells within a fat tissue tumor have been described by Blaisdell,** 
and Babes “* mentioned that normoblasts, megakaryocytes and plasma 
cells were present in a recurrent mesenteric lipoma. In describing a 
cancerous, nonlipid retroperitoneal tumor, Warren ** stressed the 
presence of foci of immature hematic cells, which he interpreted as 
originating from embryonal mesenchymal cells of the retroperitoneal 
fat tissue. I offered the same interpretation in a discussion '° of large 
foci of immature hematic cells in a case of multiple independent fat 
tissue growths. Cases of adrenal myelolipoma are on record. Collins * 
divided them into two categories; in one the tumor is yellowish orange 
and on microscopic examination is found to have a predominance of 
adipose tissue with minimal myeloid elements and a large proportion 
of erythroblastic cells; in the second the tumor is dark red grossly and 
microscopically shows a predominance of myeloid elements and minimal 
erythroblastic proliferation. 

\s for the lymphocytoid cells, so largely represented in the case 
under study, a number of students have stressed the significance of 


a cell lymphocytoid in character, resembling to a considerable extent 


a plasma cell in the embryonal connective tissue in which fat droplets 
later become deposited (Waldeyer **); Bobritzky *; Poljakoff *). 
Geschickter,*” in reviewing a large series of lipoid tumors, stressed the 


presence in cancerous growths of a cell type resembling a “plasma cell 
or fetal cartilage” and pointed out the possibility that it might represent 
the forerunner of the larger foam. cell. According to Jordan,*® it is 
from this lymphocytoid cell that, through an intermediary hemocyto- 
blastic stage, hematic cells are being formed in the fat tissue. Distinct 
transitional patterns between these lymphocytoid cells and cells with 
characteristics of histiocytes on one side and with features of lipoblasts 
on the other were recognized by me in the fatty portion of a renal 

Petri, E Virchows Arch. f. path. Anat. 258:37, 1925 

Blaisdell, J. L.: Arch. Path. 16:643, 1933. 

Babes, A Bull. Assoc. franc, p. étude du cancer 18:334, 1929 

34. Warren, S Am. J. Path. 4:51, 1928 

Collins, D. C. Am. J. Path. 8:97, 1932 

Waldeyer: Arch. f. mikr. Anat. 11:176, 1875 

Bobritzky: Centralbl. f. d. med. Wissensch. 23:753, 1885 

Poljakoff: Arch. f. mikr. Anat. 32:122, 1888. 

Geschickter, C. F Am. J Cancer 21:617, 1934 

Jordan, H. FE Anat. Rec. 59:461, 1934 
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Wilms tumor,*' and I saw comparable cellular forms in early develop- 
mental stages of an experimentally produced embryonal cell lipo- 
sarcoma.** 

The cyclic alternations between lymphoid and adipose tissue have 
been commented on by a number of investigators. In embryonal 
development the formation of lymphoid tissue may precede or be coinci- 
dent with the formation of the primitive fat tissue. In old age the 
lymphoid structures undergo atrophy and are progressively replaced by 
fat tissue; this explains the not at all rare occurrence of lymph nodes 
that come to be represented by a lobule of fat tissue surrounded by a 
well defined capsule and containing blood, lymph vessels and fibrous 
septums. The occurrence of large foci of cells lymphocytoid in character 
in the fat deposits of splenectomized animals (Tizzoni and Fileti ** ; Wino- 
gradow **; Tedeschi and Santoro **) may also be explained as a com- 
pensatory revival of embryonal characteristics of growth. In describing 
the sequence of events leading to the formation of these lymphoid areas, 
Warthin ** pointed out, first, the dilatation of blood capillaries, then the 
removal of the fat from the cells along the dilated capillaries, the con- 
version of these cells into reticular cells and finally the development of 
the lymphoid tissue into the meshes of the reticulum. <A finding similar 
to that presented by the splenectomized animal is frequently found in 
man under a variety of conditions. In carcinoma of the breast and 
even in lactation an increase in size and perhaps in number of the 
axillary glands is a common occurrence and is generally interpreted as 
due to new formation of lymphoid tissue in the axillary fat. The same 
is true of the frequent hyperplasia of lymphoid tissue in the omentum 
and mesentery in a variety of intestinal processes and even in the 
absence of any plausible explanation. In all these cases as the lymphoid 
cells extend in cords from the lymph nodes into the fat tissue septums, 
and the outlines of the lymph nodes themselves become indefinite, it is 
difficult to say whether the lymphoid cells arose in situ from pluripotent 
mesenchymal cells of the fat tissue stroma or branched from the bulk 
of the lymph follicles into the surrounding fat tissue. 

From the foregoing considerations one might feel encouraged to 
regard the great variety of cellular forms encountered in the abdominal 


fatty masses as an expression of the multiple developmental potentialities 


41. Tedeschi, C. G.; Holtham, W. H., and Minor, C.: Mixed Tumors of 
the Kidney, J. Urol., to be published. 

42. Tedeschi, C. G.: Experimental Embryonal Cell Liposarcoma, Arch. Path. 
to be published 
43. Cited by Warthin, A. S.: Proc. Path. Soc. Philadelphia 6:12, 1903 
43a. Wartham.* 


44. Tedeschi, C. G., and Santoro, A. M.: Arch. di fisiopat 2:146, 1934. 
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of the undifferentiated mesenchymal cells of the fat lobule which under a 
stimulus, the nature of which is not clear, exhibited a revival of their 
embryonal properties. 

If this is true, the condition might properly be labeled under the 
term “hemolympholipoblastosis, regional, pluricentric,” to indicate (a) 
the limitation of the condition to the fat tissue of a determined region of 
the body (in this specific case the abdominal cavity); (>) its systemic 
multicentric localization, and (c) the predominance of elements of the 
myeloid and lymphoid series in the cellular growth. 

It is possible that a number of observations corresponding to the 
characteristics outlined in the foregoing paragraph have been previously 
deposited in the literature. Most likely they are to be iound among the 
reports of cases of lymphosarcoma or of lipoblastic sarcoma. Against 
such interpretations in the case here described are, however, the lack 
of evidence of cellular anarchy, of mitotic figures and of any other 
cellular or structural pattern suggesting a cancerous growth either autoch- 
thonous or originating elsewhere in the body; the absence of lipid 
storage properties of the proliferated cells, and the passive role played 
by the tissual lipid cells. 

The start of the process in this case and the signs and symptoms that 
accompanied its development are not known; nothing can be said, 
therefore, on the course, the duration and the outcome of the condition. 
To judge from the cytologic characteristics of the process, its aggressive 
properties seem to be limited; yet the blocking of the thoracic duct by 
cells carried into the lymph stream suggests that one should exercise 
a good deal of prudence on this point. This occurrence, that certainly 
had much to do in precipitating the course of events, might have been 
brought about by unusually favorable interrelations of growth between 
the lymph channels and the proliferated cells, but one cannot even cate- 
gorically rule out an intrinsic aggressive potentiality of the proliferated 
cells which in other cases might show itself with more pronounced 
manifestations. 

SUMMARY 

The case is reported of a 75 year old woman with a history of 
ascites of four months’ duration who died under shock following 
peritoneoscopy. The outstanding finding at postmortem examination 
was a systemic outgrowth of the intra-abdominal fat, including that of 
the retroperitoneal space, the greater omentum, the mesentery of the 
ileum, the epiploic appendixes, the entire mesocolon, the mesoappendix, 
the broad ligaments, the cul-de-sac of Douglas and the fatty capsule of 
the kidneys. In all localizations the fat tissue outgrowth was found to be 


characterized by a harmonic, and not at all anaplastic, proliferation of 
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young mesenc* ymal cells, apparently lacking any lipid storage properties, 
and of cells of the myeloid and lymphoid series, the whole resulting 
in a tissue which was reminiscent of an embryonal preadipose tissue. 


The process is labeled with the term “hemolympholipoblastosis, 
regional, pluricentric,” to indicate.the limitation of the condition to the 
fat tissue of a determined region of the body (in this specific case 
the abdominal cavity), its systemic multicentric localization and the pre- 
dominance of elements of the myeloid and lymphoid series in the cellular 
growth. 

In trying to interpret the genesis of the process, the great variety 
of cellular forms is regarded as an expression of the multiple develop- 
mental potentialities of the undifferentiated mesenchymal cells of the fat 
lobule, which under a stimulus, the nature of which is not clear, exhibited 
a revival of their embryonal properties. 

To judge from the cytologic characteristics of growth and the com- 
plete absence of mitotic figures and of any other evidence of cellular 
or structural anarchy, the aggressive properties of the process seem to 
be limited; however, the blocking of the thoracic duct by a growth of 
cells identical in character with those in the abdominal fat suggests other 
possibilities. 
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INTUSSUSCEPTION, FECAL IMPACTION AND VOLVULUS 
PRODUCED BY INJECTION OF PILOCARPINE 


CURTIS M. FLORY, Ph.D, M.D. 
AND 


MARJORIE R. ALLEN, M.D. 
NEW YORK 


NTUSSUSCEPTION is not an uncommon disease, and its clinical 

and pathologic aspects have been described by many authors. In 
adults and older children the genesis of the lesion often can be explained 
by some intrinsic disease of the intestine, such as a tumor, or by the 
presence of Meckel’s diverticulum. Such cases, however, in which an 
anatomic lesion serves to explain the origin of the intussusception, 
actually are in the minority, and most instances of the disease are without 
obvious cause. In almost three fourths of the reported cases the patients 
have been children of less than 2 years of age, and in these the cause of the 
lesion was usually obscure.’ 

The disease is not confined to man. It has been observed in a wide 
variety of animals, including horses, cows, hogs, sheep and fowl,” dogs,* 
skunks,’ mice * and monkeys.® 

There have been relatively few experimental studies of intussuscep- 
tion. In 1884 Nothnagel ® produced the lesion by directly stimulating 
the intestine with a faradic current, and in 1910 Propping * was able to 
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induce the disease in rabbits by injecting physostigmine sulfate directly 
into the lumen of the intestine. The report * of intussusception in a cat 
following administration of ice water is an isolated observation. Per- 
haps the most extensive work is that of Watts and Fulton,®* who 
observed spontaneous fatal intussusception in 3 monkeys in which the 
region of the premotor area of the cortex of each cerebral hemisphere 
had been removed. Subsequent experiments showed that faradic 
stimulation of the premotor area gave rise to active peristaltic movements 
of the intestines, and in two experiments continuous stimulation pro- 
duced multiple intussusception. In 3 instances intermittent stimuli also 
produced intussusception. The authors were unable to produce the 
lesions after section of the vagi. In a later study they and Kinnard ™ 
observed peristaltic action in the intestine of a chimpanzee following use 
of similar stimuli. 


Intussusception also has been produced by mechanical invagination 
of the intestine of the cat,® and Ravitch and McCune ’® recently pro- 
duced lesions in dogs by a similar method and were able-to study 
methods of reduction and pathologic features of intussusception. 


MATERIALS 


The guinea pigs were obtained from commercial breeders. One group had been 
in our laboratory for over six months; these averaged 620 Gm. in w eight and were 
called adult animals. The others were small, immature, rapidly growing guinea 
pigs and averaged 305 Gm.; this group was termed young animals. 

Pilocarpine hydrochloride was used, and was administered either in a saline 
solution or in an oily medium. The latter was a beeswax-liquid petrolatum mixture 
prepared by adding 5 Gm. of white beeswax to 95 Gm. of liquid petrolatum and 
mixing in a Warring blender. The pilocarpine hydrochloride was ground to 
powder in a dry porcelain mortar, and the oily mixture was then added and mixed 
in the same mortar. The product used was 2 per cent pilocarpine hydrochloride 
in the oily medium; this suspension was quite stable, settled out slowly and could 
be injected with a no. 20 needle. It was not sterilized before injection and was 
kept from contact with water. 

EXPERIMENTS 

Determination of the Effects of Pilocarpine Hydrochloride in Saiine Solution 
and Pilocarpine Hydrochloride in an Oily Medium on Fed Young Guinea Pigs; 
Methods and Results ——-Young guinea pigs were kept in the laboratory for a period 
of observation lasting over a week, during which they had constant access to grain 
and were given lettuce or similar greens each morning. On the morning of the 
injection of pilocarpine hydrochloride the animals were weighed after they had 
eaten their greens. In the afternoon, usually three or four hours after the animals’ 
feeding, the substances to be tested were injected subcutaneously. 

In the first experiment, one half of each group received the test drug, the other 
the bland substances ; subsequently all animals were first given an injection of bland 


8. Britton, S. W.: Virginia M. Monthly 56:515, 1929. 

9. Power, D.: Brit. M. J. 1:381, 453 and 514, 1897. 

10. Ravitch, M. M., and McCune, R. M.: Bull. Johns Hopkins Hosp. 82:550. 
1948. 
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substances. The animals given the drug exhibited erection of hair, salivation, 
lacrimation, diarrhea and dehydration, frequently leading to prostration and occa- 
sionally death. 

In the guinea pigs stimulated by pilocarpine a total of 4 intussusceptions, 2 
volyuli, and 4 fecal impactions were observed (table 1). The anatomic changes are 
discussed subsequently. They were considered sufficient to account for the deaths 
of the animals. No lesions were observed in the animals receiving only the saline 
solution or the oily medium. 

rhis technic produced relatively few lesions, but their statistical significance was 
great enough to encourage further investigation (chi, or deviation, divided by the 
standard deviation being 4.2 for intussusception, 3.5 for volvulus and 4.2 for fecal 
impaction as calculated by the fourfold method '*). 

\lthough the differences between the groups receiving pilocarpine in saline solu- 
tion and those receiving the drug in an oily medium were not great, it was decided 
to use the latter in subsequent experiments, because of its greater efficacy, and 
because the signs of toxicity persisted for a much longer period (often ten or fifteen 
hours) when the drug was given in the oily medium. 


TasLe 1.—Effect of Subcutaneous Injection of Pilocarpine Hydrochloride on Y oung 
Guinea Pigs* 








Total Deaths Due to: 
Animals Number ————+~—__—_ 
A ~ of Intus- Fecal 
Dose, IstIn- 2dIn- 3d In Injec- Tox- suscep- Vol- Impac 
Substance Injected Ce. per Kg. jection jection jection tionst icity tion vulus tion 
Saline solution seevesee 1.7-2.4 4 43 33 121 0 
0.5% piloearpine hydrochloride 


in saline solution 45 & 101 


Oily medium § . Scnainimen ae 
2% pilocarpine in oily medium 


* The animals were fed mixed grains and lettuce greens each morning. The injections 
were performed in the afternoon 

+ These injections were given at intervals of from three to four days. 

$ This was 5 per cent beeswax in liquid petrolatum 


One group of survivors of the experiments, shown in table 1, originally number- 
ing 31 animals, all of which had been previously given an injection of pilocarpine 
hydrochloride in the oily medium, were given weekly injections of 1.6 cc. per 
kilogram of this suspension. Three intussusceptions were observed after the second 
injection of this substance, one after the third and one after the seventh, when only 
8 animals remained and the dose had been increased to 2.4 cc. per kilogram. It 
was concluded that failure of an animal to show intussusception on the first injec- 
tion did not preclude the development of such lesions after subsequent injections. 

Determination of the Extent to Which Age and Food Intake Were Related to 
the Development of Intussusception—Two groups of animals were used; one of 
the groups, called adult, had been in the laboratory for over six months and averaged 
620 Gm. in weight; the second group of animals, called young, was made up of 
recently purchased small animals, averaging only 305 Gm. They grew rapidly 
during the experiments. All animals were observed for one week before the experi- 
ment while being fed the laboratory diet of mixed grains and greens. 

On the morning of the day before the experiment the animals were fed grain 
and greens as usual, then weighed. This weight was used to calculate the dose of 


11. Simmonds, J. S., and Gentzkow, C. J.: Laboratory Methods of the United 
States Army, ed. 5, Philadelphia, Lea & Febiger, 1944, pp. 787 
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the drug. In the midafternoon all greens and grain were removed from one half 
of the cages, and these animals, called unfed, received no food during the next 
twenty-four to thirty hours. All animals had access to water. On the morning of 
the injection, usually at about 10 a.m., the “fed” group was given a copious amount 
of greens. All animals received injections three or four hours later. Autopsies 
have shown that the stomachs and small intestines of the “unfed” animals were 


Tas_e 2.—E-xtent to Which Age of Guinea Pigs and Food Intake Were Related to 


the Development of Intestinal Lesions 


Animals Total Deaths Due to: 
Dose, — _— — Number — —A- - —~ 
Age* of Fed Ce. Ist In- 2d In of Intus Fecal 
Guinea or per jee jec- Injee- Tox- suscep- Vol- Impac 
Pigs Unfedt Substance Injected Ke. tion# tion tions icity tion vulus tion 
Adult Fed Oily medium § 1.5 2 2 48 
2% piloearpine in oily 
medium 200 


Unfed Oily medium ........ 
2% pilocarpine in oily 
medium oe 
Young Fed Oily medium ...... 
2% piloearpine in oily 
medium , 
Unfed Oily medium ‘ 
2% pilocarpine in oily 
medium ......... » ‘ pe 7 : 1 


* The adult guinea pigs were over 7 months of age; the young ones ranged in weight from 
200 to 450 Gm. and were still growing rapidly. 

+ The “unfed” guinea pigs had only water tor twenty-four hours preceding the injection 
of the drug. The ‘“‘fed’’ animals were given mixed grains and lettuce greens as usual, being 
fed the greens at about 10 a. m. and given the injection in the midafternoon. 

& This was 5 per cent beeswax in liquid petrolatum. 

# One week elapsed between injections. 


TABLE 3.—Analysis of the Data on Intussusception Given in Table 2 


Number of 
Injections Intussus Chi 
Received ceptions (Deviation 
by Animals Observed Divided by 
Groups of Surviving -——~ Standard 
Animals Substance Injected* Toxicity No. ¢ Deviation) 


o 
Fed Pilocarpine 72 : 4 i 
3 


Unfed Same ..... “ M 1 ) 


Adult Pilocarpine hydrochloride in oily medium g 3 ! 
Young Same sees 106 i 14 \ 


Alleontrols Oily medium . ’ . . 0 
All piloecar Pilocarpine hydrochloride in oily 7 
pine treated 


* The dose for all animals was 1.5 ec. per kilogram injected subcutaneously; per cent 
pilocarpine hydrochloride was used 


empty at this time, whereas the stomachs of the “fed” animals were filled with 
food and the small intestines contained partly digested food. In the colons of the 
“unfed” and the “fed” animals were feces, usually more abundant in the latter 
\fter the injection, the animals were given food at about 7 p.m., but, because of 
the toxic effects of the drug, were never observed to eat until the next day. 

The animals were given injections of the oily medium only on the first and 
fourteenth days of the experiment; during these mock injections the groups were 
treated as during the pilocarpine injections of the seventh and twenty-first days. 
The details and results of the experiments are shown in tables 2 and 3. 
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It was evident that young animals were somewhat more susceptible to intussus- 
ception than adult animals, since in these experiments intussusception developed 
in about 14 per cent of the young ones and only 3 per cent of the adults. 

Lack of feeding also increased the tendency toward development of this lesion, 
and 13 per cent of the “unfed” showed intussusception, compared with 4 per cent 
of the animals adequately fed the morning of the injection. The highest incidence 
of intussusception, 21 per cent, was found in the young, “unfed,” pilocarpine-stimu- 
lated animals. 

A rather surprising increase in toxicity was noted in the animals fed before 
the injection of the pilocarpine salt, and it was evident that starving the animals 
for twenty-four hours before the injection of the drug reduced the mortality from 
toxicity. 

\ summation of the data of tables 1, 2 and 3 is shown in table 4. In these experi- 
ments 22 intussusceptions, 3 volvuli and 6 fecal impactions occurred. All were 
considered to be the cause of death. The incidence of each of these lesions among 
the pilocarpine-treated guinea pigs is greater than might be expected by chance 
alone. It seems that the same stimulus may, under different conditions in the same 


TABLE 4.—Summary of Data of Tables 1, 2 and 3 











Number of Number of 
Injections Lesions Observed Chi 
Received - ~ (Deviation 
by Animals Intus Fecal Divided by 
Groups of Surviving suscep- Vol- Impac Standard 
Animals Substance Injected Toxicity tion vulus_ tion Deviation) 


Controls Oily medium or saline solution 483 0 0 0 


Pilocar Pilocarpine hydrochloride 21 
pine in oily medium 44 
treated or in saline solution 


guinea pigs, or in different guinea pigs, because of anatomic or other conditions not 
understood, produce one of the three lesions. 

Spontaneous occurrence of intussusception, volvulus or fecal impaction has not 
been observed in these animals in this laboratory. 

Present Technic of Production of Intussusception—At the present time the 
following method is used to produce these lesions in guinea pigs: 

Materials: Young guinea pigs weighing under 400 Gm. are used. A 2 per cent 
suspension of pilocarpine hydrochloride in an oily medium (5 per cent beeswax in 
liquid petrolatum) is injected. 

Method: 1. Weigh animals after feeding. 2. Deprive of food for twenty-four 
hours. 3. Inject subcutaneously 1.5 cc. per kilogram of the suspension of pilo- 
carpine hydrochloride. 4. Observe animals for more than one week. If desired, 
the survivors can be given further injections after one or two weeks. 

Probable results (based on 92 injections given to 64 animals): deaths due to 
toxicity, 15 per cent; to intussusception, 17 per cent; to volvulus, 2 per cent; to fecal 
impaction, 3 per cent 

DESCRIPTION OF LESIONS 

Intussusception—In the experiments listed in tables 1, 2 and 3, and in experi- 
ments of a preliminary nature not listed in these tables, a total of 32 intussusceptions 
were observed in guinea pigs. Of these, 10 were in the jejunum, 14 in the ileum, 2 
of the ileum into the cecum (ileocecal) and 6 in the colon 
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The 24 intussusceptions of the small intestine varied in length from 2 to 12 cm., 
and the longer lesions were convoluted, often looking like a thick helical spring. 
In every instance the upper portion of the bowel had invaginated into the lower, 
dragging in the mesenteric vessels. The intussusceptum was always swollen, 
edematous and hemorrhagic, and its distal two thirds usually necrotic. The 
intussuscipiens was dilated, edematous and often hyperemic as well. The portion 
of the intestine above the lesion was dilated with gas or fluid, and that below con- 
tracted and empty of food, though frequently containing bloody material. In 6 
instances the colon contained from 5 to 15 Gm. of bloody, tarry stool, obviously 
indicating a rather severe hemorrhage from the intussusception. 

The two ileocecal lesions were about 6 cm: in length, and the intussusceptum 
was hemorrhagic, edematous and necrotic. In 1 instance there was much bloody 
material in the cecum. 

In the 6 instances of colic intussusception the invagination occurred in the 
descending colon, and in 2 instances the descending colon invaginated into the 
rectum, and the necrotic, hemorrhagic intussusceptum protruded for about a centi- 
meter beyond the anal orifice. Three of the 6 animals had a large fecal impaction 
above the point of obstruction, and 2 of these died of generalized peritonitis follow- 
ing perforation of the colon. 

It was frequently possible to make an antemortem diagnosis of intestinal 
obstruction in animals with intussusception, volvulus or fecal impaction, since the 
animals refused all food, sat dejectedly with backs humped and hair erect, lost 
weight rapidly, became weak, and died. Some passed into a condition resembling 
shock with surprising rapidity. 

The duration of life of animals with intussusception varied considerably. When 
the lesion was in the colon, the period of survival after the injection of the drug 
varied from one and a half to seven days, with an average survival of four days. 
Of the 26 animals which had lesions in the jejunum, the ileum or the ileocecal 
region, 3 died during the first twelve hours, probably from a combination of the 
toxicity of the drug and the effects of the intussusception; in these the intussus- 
ceptum was already hemorrhagic and edematous, and the portion of the bowel above 
distended. The remaining 23 survived the period of obvious toxicity, 15 dying in 
the twelve to thirty-six hour period, and 8 thereafter, some living as long as four 
days. 


V olvulus——Three examples of volvulus were observed. Two were located in the 
small intestine, and one in the hepatic flexure of the colon. In one of the lesions 
in the small intestine the total rotation was 1080 degrees, and the bowel was 
hemorrhagic and edematous. In the other lesion of the small intestine the rotation 
was almost as great, and involved 70 cm. of intestine, which contained 40 cc. of 
fluid, a not inconsiderable fluid loss for so small an animal. The rotation of the 
volvulus in the colon was only 180 degrees; yet it produced obstruction. These 
animals survived from one to three days, the guinea pig: having the obstruction 
in the colon living the longest. 


Fecal Impaction.—In 6 animals death was caused by fecal impaction of the colon. 
In these the terminal portion of the descending colon was empty and contracted, 
and the transverse and ascending colon were solidly packed with hard fecal material, 
often forming a mass measuring about 1 cm. in diameter and completely obstructing 
the bowel. There was usually ulceration of the mucosa overlying the fecal mass, 
and in 5 instances perforation of the colon occurred, resulting in peritonitis. Two 
animals with this lesion lived only one day, dying of perforation of the colon and 
peritonitis. The other 4 lived from three to six days. 
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COM MENT 


The mechanism of the production of intussusception in these guinea 
pigs is not fully understood. Following the administration of pilocarpine 
hydrochloride, there is marked hyperperistalsis of the intestine and hyper- 
secretion of the salivary glands, the pancreas and perhaps the intestinal 
glands as well. With large doses, such as were used in these experi- 
ments, severe dehydration and prostration are also observed. Of all 
these factors hyperperistalsis seems the most likely cause of intussus- 
ception. 

The neural and muscular mechanisms involved in intussusception 
have been studied,® and the process probably develops as follows: 
... The peristaltic rush consists of an advancing wave of contraction preceded by 
a wave of relaxation. As long as inhibition precedes contraction, no harm can 
result, but if, when the wave of contraction reaches the lower end of the ileum, 
the inhibition phase is not transmitted, due to failure of the inhibitory mechanisms, 
the strong contraction of the peristaltic rush may carry a portion of the gut into the 
distal segment as an invagination, thus initiating the intussusception.'* 


Many theories have been advanced to explain the high incidence of 
intussusception in children under 2 years ef age, and the fact that the 
vas* majority of cases are of the ileocecal or ileocolic varieties. In an 
extensive monograph Perrin and Lindsay '* analyzed 400 cases of intus- 
susception. Seventy-eight per cent occurred under the age of 2 years, 
70 per cent under 1 year, and 50 per cent between the fifth and the ninth 
month of life. The authors observed that the disease was slightly more 
common in the spring but had no reiation to diarrhea. Of the types 
observed, 46.5 per cent were ileocecal, 37.6 per cent ileocolic, 10.1 per 
cent enteric and 5.6 per cent colic. In their discussion of the causation of 
the lesion they stated that perverted peristalsis alone could not account 
for the majority of the intussusceptions but that they believed that “in 
the case of ileocecal, ileocolic, and enteric types the majority of intus- 
susceptions are caused by inflammatory swelling of lymphoid tissue”. 
They suggested that many gastrointestinal disturbances cause swelling 
of lymphoid tissue, and so predispose to intussusception : 

... The great prominence of the valve, and the narrow lumen of both ileum and 
—especially—colon during the first year of life is probably an accessory factor in 
the production of these two forms (ileocecal and ileocolic), for any swelling of either 
the valve or the lymphoid tissue would readily come into contact with the segment 
of gut immediately below the swelling, and be treated as a foreign body. 


They expressed the belief that the age incidence could be explained 
by the presence of a maximal amount of lymphoid tissue in early life, 
and explained the common anatomic site of the lesion by the quantity of 


12. Kuntz, A.: The Autonomic Nervous System, ed. 3, Philadelphia, Lea & 
Febiger, 1945, pp. 504-505 
13. Perrin, W. S., and Lindsay, E. C.: Brit. J. Surg. 9:46, 1921. 





FLORY-ALLEN—INTUSSUSCEPTION FROM PILOCARPINE 67 


lymphoid tissue about the ileocecal valve. They suggested that fat 
babies have most lymphoid tissue, thus explaining the high incidence 
of the disease in these healthy, well nourished children. The views of 
Perrin and Lindsay have found support,’* and Wakeley and Atkinson **’ 
have gone so far as to state: “There can be no doubt that this increase of 
lymphoid tissue in the lowest part of the ileum acts as a foreign body 
and causes increased and irregular peristalsis of the bowel which, at 
times, culminates in an intussusception.” 

It seems likely that in infants and young children there is some 
anatomic peculiarity of the ileocecal valve which explains the great fre- 
quency of intussusception at this site. The theory advanced by Perrin 
and Lindsay ** may be quite valid, but objections may be raised to this 
theory that “hyperplastic lymphoid tissue in the terminal ileum and 
ileocecal valve” produces intussusception. Harris and his associates * 
stated that in man lymphoid tissue reaches its maximum development at 
about the twelfth year, certainly long aiter the greatest incidence of 
intussusception. Wangensteen ™ has pointed out that if Peyer’s patches 
of lymphoid tissue followed the same growth as other lymphoid tissue, 
there would be a large number of cases of intussusception occurring in 
the early teens. Other factors, such as the relation of the diameter of 
the ileum to the mass of lymphoid tissue in its wall, may operate, how- 
ever, and help explain why intussusception is so common in the very 
young. It is also possible that the projection of the ileocecal valve into 
the cecum ‘* and the failure of proper passage of peristaltic waves at this 
site *? are of importance. 

In our experiments, at least three factors were of importance in the 
production of intussusception. The first of these was the effect of a 


large dose of pilocarpine hydrochloride on the intestine, which presumably 


caused severe hyperperistalsis and spasin ; the second, the age of the ani- 
mal, the lesion occurring more frequently in young animals thari in old; 
and finally, the presence or the absence of food in the gastrointestinal 
tract, the latter increasing the incidence of the lesion. 

That hyperperistalsis may precede the development of intussusception 
has been shown in animals by Propping,’ and by Watts and Fulton.®* 
Many pathologists and others have observed the formation of small intus- 
susceptions during the hyperperistalsis which occurs in the intestines 
immediately after death. Our observation that excessive pilocarpine 
stimulation of the intestine may at times result in intussusception is, then, 
in accord with that of other workers. 


Practice of Pediatrics, Hagers- 
town, Md., W. F. Prior Company, Inc., 1945, vol. 3, chap. 6, pp. 14-21. 
15. Wakeley, C. P. G., and Atkinson, F. R. B.: Brit. J. Child. Dis. 35:241, 1938. 
16. Harris, J. A.; Jackson, C. M.; Patterson, D. G., and Scammon, R. E.: The 
Measurement of Man, Minneapolis, University of Minnesota Press, 1930. 
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Veterinarians * have suggested that hyperperistalsis precedes the 
development of intussusception in animals, but clinicians are not in agree- 
ment concerning the relation of hypermotility of the intestine to the onset 
of this lesion in man. Perrin and Lindsay ** mentioned only “perverted 
peristalsis” as a possible cause. Others ** also have felt that hyperperis- 
talsis is not an important factor. Nevertheless, in a large proportion of 
the cases the intussusception occurs at the time of weaning from the 
breast, and this change in dietary regimen may occasion spasm of the 
bowel.'* Also Perrin and Lindsay ** and others ** have observed that 
teething, inadequacy of mothers’ milk and change in diet may be factors 
in the production of intussusception between the fifth and the ninth 
month, when it occurs in half of the cases. Although these authors attrib- 
uted this incidence to swelling of lymphoid tissues occasioned by these 
disturbances, it is as reasonable that hunger and subsequent hyperperi- 
stalsis may play a role in the genesis of the disease at this age. 

The fact that intussusception is more common in young animals 
has been observed by veterinarians,? and over 70 per cent of human 
patients have been children under 2 years, and over half of those were 
under 1 year of age.** Our experiments have shown that young guinea 
pigs are more susceptible to this lesion than older animals, a fact which 
is in accord with clinical observations. 

The cause of the increased susceptibility of young animals to intus- 
susception is still poorly understood. In the very young, the reflexes 
of the gastrointestinal tract are poorly coordinated,'® and hyperperistalsis 
may be more common than in the old. In infants and young children 
there is excessive lymphoid tissue in the terminal part of the ileum and 
the ileocecal valve,?° with protrusion of the ileocecal valve into the 
cecum.'* It is evident that although the site in young children and infants 
may be explained on an anatomic basis, the increased susceptibility may 
be dependent in part on physiologic factors, such as hyperperistalsis 
and poor coordination of intestinal peristalsis, or on anatomic defects 
common to young animals, such as softness of tissues and weakness 
of musculature. 

Rather unexpected findings were the increased incidence of intus- 
susception and decreased incidence of toxicity in animals deprived of 
food for twenty-four hours before the injection of pilocarpine hydro- 
chloride. The cause of these phenomena is not clear, but they do not 
seem to be directly related to each other, since in the experiments of 
table 1 the number of deaths from toxicity of the “fed” animals stimulated 
with pilocarpine was about the same (20 per cent) as that of the “unfed” 

17. Tumen.!” Montgomery.1* Wakeley and Atkinson.!® 

17. Tumen.1» Montgumery.14 Wakeley and Atkinson.'® 

18. Wangensteen.1* Perrin and Lindsay.’ 

19. Fraser, J.: Brit. M. J. 1:359, 1926. Kuntz.!2 

20. Perrin and Lindsay.1* Montgomery.14 Wakely and Atkinson.'5 
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animals of table 2 and 3 (18 per cent), yet the incidence of intussuscep- 
tion in the latter groups is considerably higher. It is possible that food 
acts as a bolus and prevents intussusception by interfering with maximal 
contraction or by making the reflex pattern of peristalsis more uniform. 

It is difficult to obtain sufficient data from clinical investigations of 
intussusception to be certain that an empty gut is more apt to undergo 
intussusception than one that is full. The observation that the disease 
is most common at the time of inadequacy of mother’s milk, weaning and 
teething ** suggests that the empty state of the intestine may be of 
importance. 

That fecal impaction and volvulus occur in addition to the more 
frequent intussusception does not seem accidental (see table 4). Volvulus 
can probably be explained, like intussusception, on the basis of hyper- 
peristalsis, and, indeed, both lesions may be caused by errors of motility 
of the intestine. It is possible that the fecal impaction is similar in its 
origin; perhaps under the influence of pilocarpine one portion of the 
colon becomes spastic passing no feces, while the hyperperistaltic portion 
packs feces in above the site of spasm so firmly that, when the effects of 
the drug have disappeared, the intestine may be unable to move the fecal 
mass. Other factors, however, such as dehydration, may play a role in 
the causation of fecal impaction. 


SUMMARY AND CONCLUSIONS 


Thirty-two intussusceptions have been observed in guinea pigs 
following the subcutaneous injection of pilocarpine hydrochloride. The 
disease is more easily induced in young than in old animals, and the 
incidence of the lesion is increased by withholding food for the twenty- 
four hours preceding the injection. It is concluded that immaturity and 
an empty intestinal tract predispose these animals to intussusception. 
The relationship of these findings to clinical observations of this disease 
is discussed. 

The occasional occurrence of volvulus and fecal impaction in animals 
stimulated with pilocarpine has been observed, and the action of pilo- 
carpine, presumably by increasing the peristaltic and other movements 
of the intestines, is probably a factor in the production of these lesions, 
as well as of intussusception. 

An effective means of producing such lesions is to select and weigh 
young guinea pigs, hold them without food for twenty-four hours, then 
inject subcutaneously 1.5 cc. per kilogram of 2 per cent suspension of 
pilocarpine hydrochloride in a 5 per cent beeswax-liquid petrolatum 
mixture. About one sixth of the animals will die of toxicity and a 
similar number of intussusception; about 3 per cent will die of fecal 
impaction and about 2 per cent of volvulus. 


21. Wangensteen.1* Perrin and Lindsay.12 Wakely and Atkinson.*® 








DIABETES AND UREMIA DIAGNOSED AT AUTOPSY BY TESTING 
CEREBROSPINAL FLUID AND URINE 


HANS N. NAUMANN, M.D. 
JACKSON, MISS. 


ESIONS such as degeneration of islet cells in the pancreas, deposition 
of glycogen in the renal tubules and intercapillary glomerulosclerosis 
will frequently confirm the clinical diagnosis of diabetes mellitus. How- 
ever, whether or not a person died from diabetic acidosis is a question 
which cannot be answered from anatomic evidence. It is this problem 
which confronts the pathologist in cases of sudden death when clinical 
data are lacking and necropsy fails to reveal significant changes. In 
such cases a pathologic diagnosis of diabetic coma can be established by 
testing suitable postmortem material for sugar and acetone. 

Not quite analogous is the situation in cases of uremic coma, as 
gross renal changes are generally obvious. However, again it is diffi- 
cult to draw conclusions from anatomic changes as to the functional 
damage and to determine their role in the causation of death, especially 
in the presence of multiple lesions of other organs. Here, the degree 
of nitrogen retention in postmortem material will elucidate the case 
and permit a logical interpretation of the relative importance of ana- 
tomic findings. 

It is the purpose of this paper to describe rapid tests for sugar, 
acetone and urea to be performed on cerebrospinal fluid at the autopsy 
table, to show the importance of postmortem analysis of the urine and 
to point out the value of these procedures as aids in the postmortem 
diagnosis of diabetes and uremia. 


TECHNIC OF OBTAINING CEREBROSPINAL FLUID 
The cerebrospinal fluid used for testing is obtained by cisternal puncture and 
may be used directly if clear. Maximal bending of the head, careful direction of the 
needle (preferably an 18 gage Barker needle) and gentle suction will generally 
avoid blood contamination. The latter, as well as an increase of cerebrospinal 
portein, necessitates protein precipitation. 


DESCRIPTION OF TESTS MADE WITH CLEAR CEREBROSPINAL 
FLUID OF NORMAL PROTEIN CONTENT 


Technic of Sugar Test.—This technic is an adaptation of the “clinitest” 1 method 
for urinary sugar. Fifteen drops of cerebrospinal fluid are delivered from an eye 


From the Department of Pathology, Tauton State Hospital, Tauton, Mass., 
and the Veterans Administration Hospital, Jackson, Miss. 

1. This commercial preparation is recommended only because of its availability 
and the practicability of its use. 
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dropper into a tube of % inch (1.6 cm.) diameter, such as a Wassermann tube, 
and a “clinitest” tablet is added. If glucose is not increased, the reaction mixture 
remains blue after effervescence ceases. A green or yellow color indicates an 
increase of glucose which may be roughly estimated in percentage by comparing 
the color with the “clinitest’” color chart. The percentage thus estimated and 
expressed in milligrams per hundred cubic centimeters should be divided by 3, 
as the original method for urine is based on a 1: 3 dilution. 

Comment: Some simple precautions should be observed in performing the test. 
In dispensing the drops the eye dropper must be held vertical to insure a standard 
size of drops. During effervescence vigorous agitation is necessary in order to 
break up the froth due to protein and to obtain complete solution of the tablet. 
A mauve shade caused by the biuret reaction indicates excessive protein content 
and may require repetition of the test after the protein has been precipitated as 
described in a later section. If the cerebrospinal fluid removed from a refrigerated 
body is very cold, the heat generated by the dissolution of the tablet is insufficient 
to insure complete reduction of the copper hydroxide and slight warming is 
necessary. This is done by holding the tube containing the 15 drops of cerebro- 
spinal fluid under the warm water tap. As tablets corrode easily under the 
moisture of the air (evidenced by a partially blue instead of a uniform gray 
appearance), it is expedient to keep them mixed with granulated calcium chloride 
in a wide mouth, screw-capped bottle. 


Technic of Acetone Test.—This technic is an application of the dry powder 
method for urinary acetone devised by Laughlen? and is performed by placing a 
drop of cerebrospinal fluid on a small amount of powder ® heaped on paper. In the 
absence of acetone the color of the moistened powder will be a gray-yellowish 
or lavender which fades quickly. A pink color stable for at least three minutes 
indicates presence of acetone. 

Comment: As demonstrated by the Dumm-Shipley ¢ acetone test in serum, 
protein does not interfere with the reaction, nor does a slight amount of blood. 
In the presence of heavy blood contamination, the cerebrospinal fluid may be 
centrifuged or precipitated. 

Technic of Urea Test.—The test is based on the yellow color reaction of urea 
with Ehrlich’s aldehyde reagent, first described by Weltmann and Barrenschen 5 
and modified as a spot test in blood by Naumann, Plotz and Reich.* The per- 
formance of the test is identical with that described by me? for detecting urobilino- 
gen in cerebrospinal fluid, viz., adding of 2 drops of aldehyde reagent ® to 2.5 cc. 
of cerebrospinal fluid in a 10 by 75 mm. tube. The resulting yellow color is viewed 
through the height of the fluid column against a white background and compared 


2. Laughlen, G. F.: Canad. J. M. Technol. 5:3, 1943. 


3. “Acetone test Denco” was used. Dumm and Shipley’s formula is equally 
satisfactory. 


4. Dumm, R. M., and Shipley, R. A.: J. Lab. & Clin. Med. 31:1162, 1946. 
5. Weltmann, O., and Barrenschen, H. K.: Klin. Wchnschr. 1:1100, 1922. 


6. Naumann, H. N.; Plotz, M., and Reich, N. E.: J. Lab. & Clin. Med. 28: 
335, 1942. 


7. Naumann, H. N.: Proc. Soc. Exper. Biol. & Med. 65:72, 1947. 


8. 1 % p-dimethylaminobenzaldehyde “Kodak” dissolved in ice cold, con- 
centrated hydrochloric acid and kept in a dropping bottle. 
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with a standard solution ® equivalent tc 200 mg. of urea per hundred cubic centi- 
meters in an identical tube. Normally or in the presence of moderate nitrogen 
retention the yellow reaction is less than that of the standard, while a color inten- 
sity greater than that of the standard is found in cases of severe renal damage. 

Comment: If an orange or pink color develops, due to cerebrospinal urobilino- 
gen, the test is repeated after first adding a drop of formaldehyde solution U.S.P. 
which inhibits the urobilinogen but not the urea reaction. The fluid should then 
be examined without delay as the formaldehyde solution causes fading of the 
yellow color. If slightly contaminated with blood, the cerebrospinal fluid should 
be centrifuged, but protein precipitation is necessary if a larger amount of blood or 
of protein is present. 


TECHNIC OF TESTS IN THE PRESENCE OF EXCESSIVE 
CEREBROSPINAL BLOOD OR PROTEIN 


Slight blood contamination interferes with the urea test but not with the sugar 
and acetone tests. Heavy blood contamination or large amounts of cerebrospinal 
protein require protein precipitation. 

For the precipitation of protein, an adaptation of the colloidal iron method of 
Rona and Michaelis 1° has been found most suitable and is performed by mixing 
10 drops of 5 per cent dialyzed iron “Merck” with 5 cc. of cerebrospinal fluid, 
adding a pinch of sodium chloride and filtering through a small filter. The 
water-clear filtrate is then subjected to the tests described in the foregoing 
section. 

Comment: In the presence of large amounts of blood and protein the number 
of drops of iron solution may have to be increased to 15 or 20. The dilution 
of the cerebrospinal fluid resulting from the addition of the iron solution need 
not be considered in the rough estimates described. 


POSTMORTEM ANALYSIS OF URINE 


Urine was obtained by catheterization or by puncturing the exposed bladder. 
Included in the routine analysis were determinations of the specific gravity and 
the reaction, tests for albumin (sulfosalicylic acid method), sugar (the “clinitest” 
method or Benedict’s), acetone (Legal’s or the dry powder method), urobilinogen 
(Ehrlich’s test) and micro8copic examination. 


RESULTS 


Tables 1 and 2 give a survey of representative cases selected from 
a larger material.‘ In evaluating these results it should be borne in 
mind that the tests described are approximations based on qualitative 
tests and not analytic procedures. The figures given are intended to 
indicate ranges of increase sufficient to establish a diagnosis of diabetes 
or uremia. 


9. The usual icterus index standard containing 0.01 per cent potassium bichro- 
mate and 0.1 per cent concentrated sulfuric acid corresponds in color to that pro- 
duced in a solution of 200 mg. urea per hundred cubic centimeters under the 
conditions of the test. 

10. Rona, P., and Michaelis, L.: Biochem. Ztschr. 7:332, 1908; 14:479, 1908. 

11. Naumann, H. N.: To be published. 
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Of the first 2 subjects with high cerebrospinal sugar and acetone 
(table 1), the second died in coma. Shortly before death this patient 


TABLE 1.—Postmortem Tests for the Sugar and Acetone Contents of Cerebro- 
spinal Fluid and Urine 


Cerebrospinal Fluid 
gaia a a 
Sugar, 
Rapid Tests Quanti Urine 
Hours —_-———- - tative -———— 
Sub Post Age, Ace- Determi- Ace- Chief Clinica] and Anatomic 
ject Mortem Sex Sugar* tone nationt Sugar tone Diagnosis 


1 13% 3 333+ r 402 0.25% + Arteriosclerotic heart disease; 
diabetes (mild) 


2 7 3 167— t 222 de 4+ Diabetic coma; patient re 
333 ceived 100 units of insulin 
shortly before death 


167 . 5 Pneumonia; adrenal] hemor- 
rhage; thrombophlebitis 
83— : Pancreatitis; pneumonia; 
167 arteriosclerosis 
Cirrhosis of the liver; portal 
thrombosis; intestinal hem- 
orrhage 
Diabetes; hypertension; pan 
creatic fibrosis 





* The figures indicate milligrams per hundred cubic centimeters; a plus sign following a 
number denotes “more than’’ and a minus sign “‘less than.” 
t The Folin-Wu blood sugar method was used in duplicate determinations. 


TABLE 2.—Postmortem Tests for the Urea Content of Cerebrospinal Fluid and 
Urinalysis 
Cerebrospinal 
Fluid 
_ —_— “~~ 
Urea, 
Quanti- Urine 
Hours Rapid tative ——————~—_—__, 
Sub- Post Age, Urea Determi- Specific Albu- Sedi- Chief Clinical and Anatomic 
ject Mortem Sex Test* nationt Gravity min ment Diagnosis 


7 1% 73 200+ 3 — _ — Nephrosclerosis, severe; arte 
re riosclerosis; pneumonia 
200+ Many casts Nephrosis; dementia para- 
lytica; malaria treatment 
Many casts, Hypernephroma; obstructive 
red cells jaundice (stone); myocar- 
dial fibrosis 


Pulmonary tuberculosis; fatty 
degeneration of heart, liver, 
kidneys 

Many pus Glioblastoma multiforme; 
cells pneumonia; nephrosclerosis 


Some pus Hypertension; nephrosclero- 
cells sis; fracture of femur 





* The estimates were obtained by comparing the colors with standards containing 50, 100, 
150 and 200 mg. per hundred cubic centimeters. 

+ My direct nesslerization method (Naumann, H. N.: J. Lab. Clin. Med. 26: 405, 1940) was 
used in duplicate determinations. 


had received 100 units of insulin, which apparently lowered the sugar 
from the expected extreme level. The first patient’s condition was 
clinically diagnosed as arteriosclerotic heart disease, but the true cause 
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of death was diabetic coma as revealed by the chemical examination. 
On the other hand, the low sugar in the case of subject 6, known to be 
diabetic, indicates that the diabetes was well controlled and could not 
have played a role in the causation of death. Subjects 3 and 4 illustrate 
secondary effects on the carbohydrate metabolism due to adrenal hemor- 
rhage and acute hemorrhagic pancreatitis, respectively. The urinary 
findings corroborated those in the cerebrospinal fluid with the exception 
that in the case of subject 1 urinary sugar and acetone reactions were 
of a lesser degree than expected. 

The high urea levels of the first 3 subjects in table 2 point to severe 
renal damage and to the renal changes as the primary factor or at least 
a main contributory factor in the causation of death. The low urea values 
of the last 2 subjects, probably also those in case 10, again preclude the 
possibility that the renal changes found at autopsy were of pathognomonic 
significance. The urinary findings agreed well with these results. 


COMMENT 

There are relatively few reports of postmortem chemistry in the 
literature, and ‘hose concern mainly the blood, with confusing results. 
While Bigwood '2 denied any value of postmortem chemical analysis, 
it was found by Polayes, Hershey and Lederer ** that, of all routine 
chemical procedures, the determination of creatinine alone gives values 
comparable with those obtained during life. Similar but more limited 
conclusions were reached by Hamilton."* Wuchermann*® found an 
agonal rise of the nonprotein nitrogen amounting to about 35 mg. per 
hundred cubic centimeters with further postmortem increases and warns 
against any attempt to diagnose clinical uremia from high postmortem 
nitrogen values. Pozzan and Lenaz,** on the other hand, stated that post- 
mortem urea is generally elevated but that values in excess of 300 mg. 
per hundred cubic centimeters of the blood and 200 mg. per hundred cubic 
centimeters of the cerebrospinal fluid are obtained only for persons 
who died from renal diseases. Riva‘? likewise concluded that a post- 
mortem blood urea level of 200 mg. or more per hundred cubic centi- 
meters in slow death or of 100 mg. or more in sudden death indicated 
uremia during life, while a postmortem urea concentration of 100 mg. 
or less per hundred cubic centimeters precluded uremic death. 


12. Bigwood, E. J.: Ann. de méd. lég. 10:284, 1930. 


13. Polayes, S. H.; Hershey, E., and Lederer, M.: Arch. Int. Med. 46:283, 
1940. 


14. Hamilton, R. C.: Arch. Path. 26:1135, 1938. 

15. Wuchermann, F.: Ztschr. f. klin. Med. 127:491, 1935. 

16. Pozzan, A., and Lenaz, A.: Gior. veneto sc. med. 9:848, 1935. 
17. Riva, G.: Helvet. med. acta (supp. 12) 1:62, 1943. 
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From studies on postmortem glycolysis Hamilton-Paterson and 
Johnson ** concluded that postmortem sugar concentrations are low 
except in the blood of the vena cava and the right ventricule, owing to 
postmortem glycogenolysis in the liver and diffusion of sugar accumulated 
in the hepatic vein. By using blood of the left ventricule they obtained 
reliable results, and 200 mg. of sugar or more per hundred cubic centi- 
meters indicated antemortem hyperglycemia. These authors also found 
cerebrospinal fluid suitable for postmortem sugar determinations. Hill,’* 
on the basis of carefully devised experiments, substantiated these 
findings and studied a large material of forensic cases with the result 
that conditions other than diabetes, such as asphyxia, intracranial 
hemorrhage and shock, were shown to cause marked hyperglycemia 
occasionally. Jetter and McLean” also recommended the use of left 
ventricular blood for postmortem sugar determinations. As far as post- 
mortem analysis of urine is concerned, no references could be found 
in the literature from 1927 to the present. 

Chemical changes encountered from one to twenty-four hours after 
death may be the result of agonal fluctuations or may be due to post- 
mortem action of enzymes, such as glycolysis, alteration of cell permea- 
bility or persistent function of organs as shown by the postmortem 
glycogenolysis of the liver and by revival of postmortem kidneys and 
hearts performed by Wilbur ** and by Kountz.?* These processes are 


taking place under favorable conditions of temperature, which, accord- 
ing to Hamilton-Paterson and Johnson,"* decreases slowly inside the 
body over many hours even in the refrigerator. Owing to the action 
of these various factors, the concetrations of sugar found in blood 
and tissues post mortem are lower, and those in urea higher, than 
during life. However, after allowing for such postmortem “normals,” 
diagnostic conclusions can be drawn with certain reservations. 


Interference from postmortem changes is less disturbing in chemi- 
cal examinations of cerebrospinal fluid and of urine. While cerebrospinal 
fluid shows glycolysis, it is, by virtue of the blood-cerebrospinal fluid 
barrier, less subject to agonal and postmortem fluctuations of chemical 
constituents than the general circulation. Other advantages are the 
absence of clotting and the comparative freedom from cells and protein, 
permitting usually testing without protein precipitation, which, if neces- 
sary, can be performed easily and without undue dilution. Even less 
marked are the changes in urine within twenty-four hours after death. 


18. Hamilton-Paterson, J. L., and Johnson, E. M. W.: J. Path. & Bact. 50: 
473, 1940. 
. Hill, E. V.: Arch. Path. 32:452, 1941. 
. Jetter, W. W., and McLean, R.: Am. J. Clin. Path. 18:178, 1943. 
. Wilbur, D. L.: Proc. Staff Meet., Mayo Clin. 4:335, 1929. 
. Kountz, W. B.: Ann. Int. Med. 10:330, 1936. 
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There are generally desquamation of the bladder epithelium, some 
disintegration of cells and casts, bacterial growth, and presence of 
spermatozoa in male urine—changes which prevent the evaluation of 
slight albumin reactions and cause disappearance of some structures 
of the sediment. However, it is evident that positive findings 
in a postmortem analysis of urine will provide just as important 
information to the prosecutor as intra vitam examination does 
to the clinician. Glycosuria, acetonuria, albuminuria of marked degree 
and casts, red cells and pus cells in the sediment have the same signifi- 
cance after death as during life for the diagnosis of diabetes and renal 
damage with the same limitation that the degree of the urinary find- 
ings does not necessarily parallel the severity of the disease. 

Numerous analyses of postmortem cerebrospinal fluid and blood have 
led me “ to the conclusion that postmortem cerebrospinal glucose levels 
of 200 mg. or more per hundred cubic centimeters, equivalent to 0.5 per 
cent of sugar or more, in the rapid test are evidence of severe diabetes 
mellitus provided intravenous dextrose treatment was not given shortly 
before death. Asphyxia, intracranial hemorrhage and shock, which, 
according to Hill,’® may all be accompanied with marked h,perglycemia, 
are not likely to cause appreciable glycorrhachia if death occurred in 
less than half an hour, since a rise of cerebrospinal fluid sugar lags behind 
that of blood sugar in time and degree. The simultaneous presence of 
acetone and glucose levels of 200 mg. or more per hundred cubic centi- 
meters, furthermore, is evidence of diabetic coma which may be accepted 
as the primary cause of death. Cerebrospinal fluid acetone, as well as 
urinary acetone, without increased glucose may be found in conditions 
in which body fat is incompletely oxidized, as in starvation and vomiting. 
Postmortem cerebrospinal sugar levels of 80 to 170 mg. per hundred 
cubic centimeters, corresponding to 0.25 to 0.5 per cent of sugar, in the 
rapid test will generally be due to diabetes as well, but may occasionally 
be caused by metabolic fluctuations during prolonged agony or by condi- 
tions influencing the endocrine balance, such as coronary thrombosis, 
the anoxia of extensive pneumonia or massive hemorrhage and diseases 
of the ductless glands other than diabetes. Postmortem cerebrospinal 
sugar levels of 50 mg. or less per hundred cubic centimeters giving nega- 
tive results with the rapid test indicate either absence of diabetes or 
good control of a known diabetes. 

In contrast to the well defined significance of the postmortem glucose 
concentrations of cerebrospinal fluid, it is much more difficult to interpret 
urea values. A majority of postmortem cerebrospinal fluids show in 
the presence of minor renal lesions urea levels between 60 and 190 mg. 
per hundred cubic centimeters, which probably are due to agonal changes. 
Low urea figures, less than 100 mg. per hundred cubic centimeters, are, 
therefore, more significant, and the rapid test will, thus, be of special 
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value as an exclusion test for renal insufficiency in the presence of 
pathologic conditions of the kidney. Postmortem urea levels of more 
than 200 mg. per hundred cubic centimeters are comparatively rare and 
were found in my series only in the presence of marked renal changes. 
Nevertheless, conclusions should be drawn with caution unless extrarenal 
azotemia can be excluded and confirmation can be obtained from post- 
mortem urinary findings. Under these conditions postmortem cerebro- 
spinal urea levels of more than 200 mg. per hundred cubic centimeters 
in the presence of renal disease may be accepted as evidence of renal 
insufficiency severe enough to constitute a major factor in the causation 
of death. 
SUMMARY 


Rapid tests for the sugar, acetone and urea contents of cerebro- 
spinal fluid which may be conveniently performed at the autopsy table 
have been described and their value illustrated in the establishing of, a 
diagnosis of diabetes and uremia after death. 

The importance of postmortem analysis of urine in cases of diabetes 
and renal damage has been pointed out. 

Postmortem cerebrospinal glucose levels of 200 mg. or more per 
hundred cubic centimeters generally indicate severe diabetes, and simul- 
taneous presence of acetone is evidence of diabetic coma which may 
be accepted as the primary cause of death. 


Postmortem cerebrospinal urea levels of less than 100 mg. per hundred 
cubic centimeters will rule out renal insufficiency in the presence of 
renal lesions. Urea levels of more than 200 mg. under certain condi- 
tions may be accepted as evidence of uremia sufficien.ty ~evere to 
represent a major factor in the causation of death. 


Veterans Administration Hospital. 











THE MURAL CELLS OF CAPILLARY HEMANGIOMAS 


E. J. EICHWALD, M.D. 
BOSTON 


T IS customary to define capillary hemangioma as a tumor com- 

posed of vascular spaces of capillary or near capillary caliber. This 
definition should be taken literally: It implies that the lumens of the 
vascular units are quite small, resembling those of capillaries; it does 
not imply, in general, that these units are capillaries or vessels of 
similar caliber ; in particular, it does not imply that the walls of these 
units are composed of elements identical with those of the capillary 
wall. In the tumor the structure of the wall of the unit need not at 
all, and rarely does, resemble that of a capillary vessel. While the 
predominant element composing the wall of a capillary is the endo- 
thelial cell, it is obvious that a large number, and frequently a majority, 
of the cells composing capillary hemangioma are not littoral in char- 
acter. They have been delegated to a mural position. 

To be sure, vascular units with endothelial or predominantly 
endothelial walls are found in these tumors, but their lumens usually 
exceed capillary caliber. These units often compose lobules in the 
periphery of the tumor, and suggest the presence of a higher intra- 
vascular pressure, with stretching of the walls, utilization of all tumor 
cells available, breakdown of the walls and fusion of adjacent units 
with formation of small scale cavernous portions. 

What is the probable origin, the appearance, the nature and the 
fate of the mural cells of the capillary hemangioma? 

In its less differentiated portions the tumor is composed of compact 
masses of oblong, spindle-shaped cells, fairly uniform in size, shape 
and staining qualities, with poorly defined cell boundaries and rare 
mitotic figures. There are occasional vascular spaces which may con- 
tain a few blood cells, but the vascular nature of the tissue is not evi- 
dent everywhere. Numerous reticulum fibrils are present in many 
areas, forming a fine mesh enveloping single or small clusters of cells. 
The identification of stromal as distinguished from tumor cells is oftea 
impossible, though occasionally fibroblasts are seen from which the 
fibrils appear to originate. 


From the Department of Pathology of the Children’s Hospital and Harvard 
Medical School. 
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Where capillary lumens are more prominent the tumor cells may 
form one, two or more layers of spindle-shaped, fibroblast-like cells, 
not very different from those described in the foregoing paragraphs, 
around a central lumen containing red blood cells. In other areas, 
in vascular units of similar caliber, a difference in the appearance of 
the various components of the wall can be seen. Here the inner 
layer is composed of considerably flattened cells, with dark oblong 
flat nuclei and scanty, deep purplish cytoplasm which lines the lumen 
as a narrow dark rim. The remaining mural cells vary in appearance. 
They may have preserved their fibroblast-like appearance. In other 
places, however, both cytoplasm and nucleus are rounded out or have 
assumed a polyhedral shape. The cell boundaries are quite distinct, 
and the cytoplasm is water clear, with a few slate gray granules pres- 
ent. These cells have a distinct epithelioid character (figs. 1 and 2). 
Mitotic figures are frequent in both epithelioid and “fibroblastic” 
mural cells. The mitotic figures of these cells by far outweigh those 
found in the endothelial cells. 


The network of reticulum fibrils has been coarsened and con- 
densed to form basement membrane-like lamellas around the vascu- 
lar unit. In this manner the unit pattern becomes quite conspicuous 
with silver stains. Very rarely one can see portions of a reticulum 
fibril in between the mural cells, and often these portions appear con- 


tinuous with the circular adventitial fibrils. 

Only part of the wall of a vascular unit may show this differen- 
tiation of endothelial and mural cells. Small groups or clusters of 
epithelioid cells, set off against the deeply staining winding endothe- 
lial cytoplasm may be located in a wall which otherwise consists of 
cells of the “fibroblastic” type. This irregularity is striking and will 
be discussed in later paragraphs. 

One feature of interest in units showing a distinct and complete 
differentiation of endothelial and mural epithelioid cells is the occa- 
sionally crenated outline of the lumen in paraffin sections. The endo- 
thelium appears to dip into mural crevices which are located between 
clusters of epithelioid cells, or, viewed differently, groups of mural 
cells appear to swell up, and bulge into the lumen of the unit, leav- 
iag the endothelium in the old position in places where this swelling 
is less evident. The endothelial nuclei may be located on the summits 
of these cushions of mural cells; they also may be located in the 
crevice, wedged into its exit. If the crevice is narrow, its nature may 
not be evident; an endothelial nucleus located in such a narrow cleft, 
between adjoining clusters of swollen mural cells, may appear like a 
leukocyte or a large mononuclear cell migrating through the wall of 
the unit. 











Fig. 1—Several vascular units of a capillary hemangioma, showing the water- 
clear epithelioid mural cells differentiated from the endothelial cells with hyper- 
chromatic cytoplasm. Hematoxylin-eosin; x 1,060. 


Fig. 2—A portion of the wall of a vascular unit of a capillary hemangioma, 


showing clearly two endothelial cells each characterized by an elongated nucleus and 
a deeply staining elongated cytoplasm. The endothelial cell in the center appears 
pushed into the lumen by a group of mural cells, while to the left an endothelial 
nucleus appears wedged into the exit of a crevice between two clusters of mural 
cells. Hematoxylin-eosin; x 1,35 
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One would expect the mural cells, with their numerous mitotic 
figures, to be the source of further vasoformative growth, and to be 
responsible for the deep infiltration and frequent recurrence seen in 
many tumors of this type. This expectation is not borne out by a 
study of the mural cells. The assumption of a mural position, it 
seems, is an irreversible change. Although further increase in thick- 
ness of the wall of the vascular unit occurs, this growth is out of pro- 
portion to the mitotic activity observed in the early stages. 

With increase in thickness of the wall most vascular units display 
an increase of caliber and an increase of the local adventitial stroma. 
While mural cellular elements are abundant in the early stages, the 
further increase of thickness is largely due to formation of intercellu- 
lar structures. The cells again are of fibroblastic appearance, and increas- 
ing numbers of collagen fibrils are laid down. In the later stages 
the units consist of a thin endothelium surrounded by a broad layer 
of collagenous fibrous tissue. On first glance, in sections stained 
with hematoxylin and eosin, these units may have the appearance of 
small to medium-sized arteries and veins. On close inspection, and 
in sections stained with phosphotungstic acid—hematoxylin and with 
aniline blue, the absence or deficiency of muscle cells and elastic fibers 
readily betrays their true nature. 


HISTOLOGIC SEQUENCES IN THE FORMATION OR THE DEVELOPMENT 
OF MURAL NODULES 


The walls of the larger vascular units frequently display areas of 
bulbous thickening. These mural nodules may reach considerable size, 
and their diameter may equal that of the vascular space in the wall 
of which they are located. Although these nodules may narrow the 
lumen somewhat, their bulk usually projects into the adventitial tis- 
sue (fig. 3). Some nodules are of spindle shape; others are sharply 
demarcated from the adjacent vascular wall, and may even follow 
a polypoid outline; again, in others there is a gentle tapering off to 
the adjacent portion of the wall. They may be multiple. In longi- 
tudinally sectioned vascular spaces two of these nodules may face 
each other, suggesting the presence of a partial or complete ring of 
the tissue of which they are composed (figs. 4 and 9). 

Although these nodules do not seem to be present in every capil- 
lary hemangioma, they are not an uncommon finding. While in some 
tumors one may search for a long time, and often in vain, others dis- 
play a considerable number of various size, shape and cellular pat- 
tern. In the following paragraphs their development will be traced 
from small epithelioid “beads” in the walls of vascular units of capil- 
lary size until they reach the respectable size which is seen in some 
of the larger units. This development appears to be essentially a 








Fig. 3—A mural nodule of a larger vascular unit of a capillary hemangioma. It 
narrows the lumen somewhat, but its bulk projects into the adventitial tissue. A 
few deeply staining myofibrils are seen in several portions of the wall of the unit. 
On reaching the nodule this scanty muscle layer appears to split up. It is all but 
lost in the nodular bulk except for a few isolated fragments. Mallory’s phospho- 
tungstic acid— hematoxylin ; x 150. 

Fig. 4.—Two “facing” mural nodules of a larger unit of a capillary hemangioma. 
Hematoxylin-eosin; x 120. 
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Fig. 5.—Early beading of the wall of a vascular unit of a capillary hemangioma. 
The endothelium appears pushed into the lumen by the mural cells. There is slight 
vacuolation of the cytoplasm of the mural cells, and a small amount of nuclear 
debris is scattered about. Hematoxylin-eosin; x 1,260. 

Fig. 6.—Early beading of the wall of a vascular unit. The cytoplasmic vacuola- 
tion is more conspicuous, and there is an increase in the amount of nuclear debris. 
The endothelium appears to be lifted from the mural cells. The epithelioid 
character of the mural cells is lost. In the right lower corner an isolated mural 
cell is located adjacent to, parallel to, and at the same level as, an endothelial cell 
of a vascular unit. Hematoxylin-eosin; x 1,260. 

Fig. 7—Small mural nodule of a vascular unit. The lifting of the endothelium 
is more conspicuous, and there is considerable increase of the nuclear debris. 
Hematoxylin-eosin; x 1,3 gs 
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regressive process, of which the fully developed nodule represents the 
end stage. Therefore it is understandable that mural epithelioid cells 
and mural nodules are only rarely seen in the same tumor. 

It will be remembered that in the walls of the small units the 
differentiation of endothelial and mural cells is uneven. Small clus- 
ters of clear epithelioid cells are seen next to undifferentiated, fibroblast- 
like portions. It will be shown, in a series of transitional pictures, 
how a small segment of wall with mural-endothelial differentiation 
may give rise to mural nodules. 

Figure 5 shows early beading of the wall of a unit in which there 
has been good differentiation of endothelial and mural elements, with 
several epithelioid cells being present in the wall. The “bead” con- 
sists of a small group of swollen, clear cells, bulging into the lumen 
and covered with thin, stretched-out endothelium. Within the body 
of the “bead” are several dark, basophilic coarse irregular granules, 
a common feature of the early and moderately advanced stages of the 
formation of mural nodules. In these stages it is seen so frequently 
that it lends itself well as a landmark if one is searching for struc- 
tures of this nature. There is no appreciable number of intercellular 
structures. 

Figure 6 shows a more advanced nodule, but similar in size and 
shape to that of figure 5. Several features are worth noting: The 
endothelium appears lifted off the mural cells, a detachment which 
is frequently observed, in paraffin sections, in the early stages. There 
also is considerable vacuolation of the cytoplasm of the mural cells. 
Occasionally one may see a round refractile body in such a vacuole, 
suggestive of a red blood cell, or a coagulum of liquefied plasma. The 
basophilic clumps and granules are considerably increased in number. 
Figure 6 also shows loss of distinct cell boundaries and elongation of 
the mural nuclei, which thereby assume the appearance of fibroblasts. 
A few isolated reticulum fibrils are seen in nodules of this kind, occa- 
sionally in continuity with the peripheral reticulum. 

A similar stage is seen in figure 7. The lesion is larger and more 
cellular. The vacuolation of mural cells, with lifting of the endothe- 
lium, is pronounced; nuclear debris is abundant. Intercellular struc- 
tures are not yet conspicuous, and there is no reaction of the stromal 
reticulum. In figure 8 the vascular unit is of larger caliber. The 
nuclei are spaced farther apart, and many intercellular fibrillar struc- 
tures are seen with the hematoxylin-eosin stain. At this stage argyro- 
philic fibrils are usually scanty except in the periphery. In figure 8 
a wavy bundle of stromal reticulum fibrils is seen hugging the mural 
periphery; some of these appear to penetrate the outer portion of the 
mural body. 
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Figure 9 shows an example of facing nodules, conceivably repre- 
senting a mural ring. Both nodules are essentially similar, with fibro- 
blastic mural cells and moderate fibrosis, particularly in the periphery. 
There is some nuclear debris and some cytoplasmic vacuolation. 
On the left side, in the nodular periphery, there is a conspicuous adven- 
titial fibroblast adjacent to a large number of reticulum fibrils. The 
fibrosis also is more pronounced on the left than on the right. 


The fibrosis is even more pronounced in figure 10. The peripheral 
half consists of fibrous tissue of low cellularity, while a considerable 
number of fibroblastic nuclei are still seen in the inner portions. A few 
argyrophilic fibrils are seen occasionally in the inner areas of nodules 
of this size, but they do not appear to be continuous with those seen 
in the nodular periphery. Figure 11 shows the dense character of the 
intercellular substance, particularly in the periphery, where in places 
dense, wavy collagenous bundles are seen. 

Finaily, in figures 3, 4 and 7 the difference between the center and 
the periphery of the nodule is absent. The lesions consist of fibrous 
tissue of low cellularity. The nuclei frequently are arranged parallel to 
the intimal surfaces, except at the two poles of the spindle, toward 
which the nuclei can be seen to converge, thereby accentuating the 
spindle shape of the structure. 

Nerve fibrils cannot be demonstrated in connection with the epi- 
thelioid cells and the mural nodules by using Mallory’s aniline blue 
stain and del Rio Hortega’s silver carbonate stain. It is also exceed- 
ingly rare to find muscle elements in the nodular substance, and then 
one finds them only if the unit in which the nodule is located is of con- 
siderable size. This is in line with the observation that muscular 
structures in general are absent or deficient in angiomas.’ 

Figure 3 depicts a plosphotungstic acid—hematoxylin stain of a 
vascular unit in which a more or less complete ring of smooth muscle 
tissue, though thin and varying in thickness, is seen in the wall of the 
unit, in its non-nodular portion. Here the myofibrils are located roughly 
between the inner and the outer half of the wall. On approaching the 
nodule the muscle layer is seen to split up, being traced only with diffi- 
culty at the nodular poles. The ends of a few fibrils show a gentle 
outward curving before their trace is lost in the nodular bulk. A few 
isolated fragments of myofibrils are still to be seen in the middle and 
outer portions of the nodule. The sum total of the latter fragments may 
be equal to the number seen in a corresponding segment of the non- 
nodular portions. It hardly exceeds that. 


1. Ewing, J.: Neoplastic Diseases, ed. 4, Philadelphia, W. B. Saunders Com- 
pany, 1942, p. 251. 








Fig. 8—The mural nodule is larger and more fibrous than that seen in figure 7. 
There is a wavy bundle of collagen hugging the periphery of the nodule at the 
bottom of the photomicrograph. Hematoxylin-eosin; x 681. 

Fig. 9.—Facing nodules, conceivably representing a mural ring. The peripheral 
fibrosis is more pronounced on the left side. There also is a conspic‘:ous adventitial 
fibroblast adjacent to the reticulum fibrils in the periphery of the nodule. Hema- 
toxylin-eosin; xX 510.5. 

Fig. 10. —A mural nodule in a unit of medium caliber. The difference of cellu- 
larity of the inner and the outer portion is obvious. Hematoxylin eosin; x 510.5. 

Fig. 11—A mural nodule showing a higher degree of fibrosis and dense col- 
lagenous tissue in the periphery. Hematoxylin-eosin, « 681. 
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COMMENT 


Essentially two questions pose themselves to the observer of the 
structures described. These questions are closely related to each other 
and are not without bearing on the problem of the nature of angiomas: 
(1) What is the nature and origin of the epithelioid cells seen in the 
walls of vascular units of the capillary hemangioma? (2) What is the 
nature of the mural nodules seen in some of the larger units of this 
tumor? 

To the casual observer there appears to be a resemblance between 
the mural epithelioid cells and the “epithelioid” cells of the glomus and 
its tumors,’ the “epithelioid” cells of other arteriovenous anastomoses * 
and the juxtaglomerular apparatus. One may therefore speculate 
whether there is not also a functional resemblance, and whether the 
epithelioid cells in capillary hemangioma do not represent afibrillar 
myascle cells, conceivably with a motor function affecting the blood 
flow within the angiomatous bed. This theory may receive support 
from the fact that configurations resembling arteriovenous anastomoses 
are occasionally seen in angiomas and that arteriovenous anastomoses 
are frequently found in the immediate vicinity of the corpora cavernosa 
of the penis and the clitoris, organs whose structure resembles cavern- 
ous hemangioma. Similarly, the mural nodules, on first glance, resemble 
cushions of smooth muscle cells. One may therefore also speculate 
whether these nodules might not have a similar significance. 

The observations described in this note disclose no evidence that 
epithelioid mural cells are, or develop into, elements of muscle cell 
character. Similarly, the number of contractile elements in the mural 
nodules is so negligible that any functional significance can be safely 
denied. 

At this point it is worth while to remember that the smooth 
muscle cells of blood vessels are of local origin * and are not derivatives 
of the angioblastic mesenchyme. Although this fact is not material in 
answering the questions posed in a foregoing paragraph—as the epi- 
thelioid cells apparently are not myoblastic elements, and the mural 
nodules are not cushions of smooth muscle cells—it makes one wonder 
whether the epithelioid cells are of local or of angioblastic origin. Off 
hand this question appears purely academic. Neither can morphologic 
studies such as the preceding one answer it. But the evidence can be 
evaluated. 

2. Bailey, O. T.: The Cutaneous Glomus and Its Tumors—Glomangiomas, Am. 
J. Path. 11:915-935, 1935. 

3. Schumacher, S.: Ueber die Bedeutung der arteriovendsen Anastomosen und 
der epitheloiden Muskelzellen (Quellzellen), Ztschr. f. mikr.-anat. Forsch. 43: 107- 
130, 1938. : 

4. Maximow, A. A., and Bloom, W.: A Textbook of Histology, ed. 4, Phila- 
delphia, W. B. Saunders Company, 1943, p. 241. 
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This evidence points toward an angioblastic origin of the epithelioid 
cells. True, pictures are found suggestive of an induction of the 
adventitial stroma overlying the endothelium, to form epithelioid cells. 
An example of this is seen in figure 6, in the right lower corner, where 
an isolated mural (or stromal) cell with oblong nucleus and clear 
cytoplasm is found adjacent to, parallel to, and at the same level as, an 
endothelial cell of the vascular unit. A similar picture is seen in the 
left lower corner of figure 5. It also is easy to construe transitional 
cells between stromal and mural epithelioid elements. An example of 
this is seen in figure 10, midway between the upper and the lower 
pole of the vascular unit, on its right side, where there is a large 
epithelioid cell, with indented nucleus and clear cytoplasm, seemingly 
free in the stroma, but favoring the unit in the center of the photograph. 
The over-all evidence, however, favors an angioblastic origin. 

Most epithelioid cells appear to develop from tumor cells which have 
not yet differentiated into endothelial and mural elements. Also there 
is evidence that many mural cells have preserved certain vasoformative 
properties. This is suggested by the frequent vacuolation of their cyto- 
plasm and the basophilic coarse debris, both features seen in the early 
nodules and described in the foregoing pages in detail. 

Intracellular vacuolation, with vacuolar fusion to form capillary 
spaces, is seen occasionally in undifferentiated portions of angiomas and 
can be interpreted as a vasoformative attempt similar to the process 
of luminization of angioblastic tissue in the early embryo.® This argu- 
ment gains weight from the occasional presence of refractile or non- 
refractile bodies in these vacuoles which may be red blood cells or 
coagulums of liquefied cytoplasm. 

The basophilic clumps and granules represent nuclear debris. Their 
presence denotes cell death. Cell death, with the appearance of pyknotic 
and fragmented nuclei, is also seen during the process of luminization 
of solid angioblastic tissue.® 

The nature of the mural nodule is more difficult to assess. There 
is some evidence that it is derived from two sources, the mural cells and 
the local stroma. This is suggested by the observation that frequently 
it is divided into an outer more fibrous and an inner more cellular 
portion, that the stromal reticulum fibrils apparently extend into the 
periphery in the early stage of its development and that certain stromal 
reticulum cells conspicuously hug the nodular periphery in periods of 
what appears to be increased deposition of intercellular fibrillar matter. 

Also, if one accepts the evidence that the mural epithelioid cells 
play a role in the early stage of formation of the nodule as outlined 


5. Sabin, F. R.: Studies on the Origin of Blood Vessels and of Red Blood 
Corpuscles as Seen in the Living Blastoderm of Chicks During the Second Day of 
Incubation, Contrib. Embryol. 9:213-263, 1920. 
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in this note, and if one accepts the evidence that the nodule is of an 
angioblastic, nonmyoblastic nature, one is forced to acknowledge that at 
some late period of the nodule formation the local stroma plays a part. 
How else could one expiain the presence of myofibrils, scanty and 
sporadic as they may be? Similarly the local stroma must have con- 
tributed to the formation of the wall of the larger vascular units, particu- 
larly those which display contractile elements. 

The development of mural nodules can then be interpreted as a 
replacing of foci of angioblastic tissue with predominantly fibrous ele- 
ments. It is therefore basically a regressive process, although in the 
early stages the tissue is quite cellular and mitotic figures abound. It 
therefore can be compared with other regressive changes which are 
observed in angiomas, one of the best known being that of sclerosis as 
described by Gross and Wolbach.* Their common feature is the con- 
nective tissue replacement of vascular tissue. 

It is of interest that structures similar to mural nodules are seen 
in the blood vessels of the embryo.’ When a fetal vessel undergoes 
regression, it is not uncommon for its wall to show similar mesenchy- 
matous cushions where the vessel joins a nonregressing vessel. If this 
process is accentuated, these cush.ons may extend into and around the 
wall of the nonregressing vessel—an event of possible significance in 
the development of certain vascular malformations. 


The mural nodules of the capillary hemangioma can then be con- 
sidered the result of a focal regressive change of angioblastic tissue. 
suggestive of a recapitulation of the normal developmental sequence 
observed in the fetal vascular tree. 


SUMMARY 


Several observations concerning the nonendothelial tumor cells found 
in capillary hemangioma are reported. 

Fibrous nodules occurring in the walls of the vascular units of capil- 
lary hemangioma are described. 

The development of these nodules is traced from the nonendothelial 
tumor cells. 

The nature of the nonendothelial cells and of the mural nodules is 
discussed, with special consideration of their relation to contractile 
elements. 


6. Gross, R. E., and Wolbach, S. B.: Sclerosing Hemangiomas, Am. J. Path. 
19: 533-551, 1943 
7. Bremer, J. L.: Personal communication to the author. 











ASYMPTOMATIC RETENTION OF PANCREATIC 
SECRETION 


MAUD L. MENTEN, M.D. 
AND 


WILLIAM C. KINSEY, M.D. 
PITTSBURGH 

N THE course of routine histologic examinations of necropsy 

tissues we have observed from time to time retention of eosinophilic 
secretion in the acini of pancreases removed from patients in whom 
during life there was no clinical evidence of cystic fibrosis of the pan- 
creas. The retention was, however, occasionally found concomitantly 
with staphylococcic bronchitis and bronchiectasis, an integral feature 
of cystic disease of the pancreas. This report deals with the cases in 
which apparently asymptomatic pancreatic retention was observed in 
the necropsy material in this hospital in a four year period (1944-1947). 

Few reports relating to acinous retention of pancreatic secretion 
other than that occurring in cystic fibrosis of the pancreas have been 
found in the literature. In 1947 Baggenstoss* described inspissation 
of secretion in the acini with some flattening of the lining epithelial 
cells in patients dying of uremia. This retention of secretory material 
was found in 33 of 85 cases in which glomerulonephritis terminated in 
uremia and in 52 cases in which uremia resulted from misceilaneous 
causes. Furthermore, a similar change was found in 20 per cent of a 
control series of 200 cases. No definite contributory factor was dem- 
onstrated, but the most common cause of death was intestinal obstruc- 
tion. Mallory? in a discussion of that paper stated that in 10 per cent 
of the autopsy material seen in his laboratory in Italy a similar pan- 
creatic lesion was found. It was most pronounced in patients dying of 
typhus fever. Gilman* observed a similar pancreatic reaction with 
changes in the liver in rats experimentally subjected to nutritional 
deficiencies.** 

MATERIAL AND FINDINGS 

Critical examination was made of the pancreatic tissue at all routine necrop- 
sies during the years 1944 to 1947, inclusive. During this period 10 cases (3.9 
per cent) of definite cystic fibrosis of the pancreas occurred. Sections were 
fixed in Zenker’s solution and in 4 per cent formaldehyde solution and were 


From the Pathologic Laboratories of the University of Pittsburgh and the 
Children’s Hospital of Pittsburgh. 

1. Baggenstoss, A. H.: Am. J. Path. 28:908, 1947. 

2. Mallory, T. B.: Am. J. Path. 23:908, 1947. 

3. Gilman, T.: Am. J. Path. 23:908, 1947. 
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stained with hematoxylin and eosin. The 256 necropsies included in this study 
disclosed 35 pancreases which showed varying degrees of pancreatic secre- 
tory retention not related to cystic fibrosis. This number comprised only those 
pancreases in which the retained secretion was readily discernible. Several 
in which the degree of retention or the amount of tissue involved was minimal 
were excluded. The ages of the patients varied from 10 days to 16 years. 

No gross abnormality of the pancreas was described in any of the necropsy 
protocols. ‘ 

Microscopically, the retained secretion varied in amount and distribution. 
[he number of acini involved varied between 10 and 25 per cent. In more than 
one half of the affected pancreases not only acini but intralobular and inter- 
lobular ducts as well were involved; in the remaining glands retention was 


Fig. 1.—Dilated acini with retained secretion and flattening of the border- 
ing epithelium. x 725. 


limited almost entirely to the acini and ductules, or to the ductules and ducts, 
as indicated in the table. The inspissated material most frequently occurred 
in the central areas of the lobules, and different lobules varied considerably in 
the degree of involvement. 

In a well developed lesion, about one quarter of the tissue was involved. 
The acini exhibited varying dilatation and were irregularly distributed. Under 
high power, the inspissated eosinophilic material appeared homogeneous or finely 
granular, and frequently the encircling epithelial cells appeared flattened. Occa- 
sionally the epithelium showed degeneration with many residual pyknotic 
nuclei, and in a few instances it had almost entirely disappeared. The surround- 
ing acini, which were free of retained secretion, contained little or no zymogen. 
The involved ductules showed varying degrees of dilatation, and the retained 
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eosinophilic material was vacuolated along the outer edges. In many of the 
dilated ductules there was flattening of the epithelial lining with pyknotic 
nuclei (fig. 1). Where the process was less pronounced, the acini contained 
only small amounts of secretion, the dilatation was minimal and there was 
little change in the epithelial lining (fig. 24). In a few cases, especially in those 


Fig. 2—A, moderate dilatation of acini and minimal retention of secre- 
tion. The epithelium of these acini is fairly normal. Xx 725. 

B, dilated acini and also two acini showing extreme vacuolation of cells 
with nuclei pushed to the periphery. x 650. 


in which the cause of death was rheumatic pancarditis, vacuolation of the 
cytoplasm was observed in some of the acinous epithelial cells. This vacuola- 
tion began as small vesicles along the luminal border of the acinous cells. 
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As the process advanced, the entire cytoplasm became converted into clear 
vacuoles, with the nucleus pushed to the periphery (fig. 2B). 

In 2 cases (no. 26 in 1944 and no. 19 in 1947), in which the anatomic diag- 
noses were biliary cirrhosis and congenital heart disease, respectively, the secre- 
tion filling the dilated acini also contained neutrophils. Interlobular fibrosis 
was a concomitant finding in 2 instances (nos. 13 and 50 in 1947) diagnosed 
anatomically as instances of cholangitis and acute tracheobronchitis, respectively. 
Focal lymphocytosis of the interlobular connective tissue occurred in case 22 
(1945), a case of biliary cirrhosis, and in case 50 (1947), a case in which death 
followed subdural hemorrhage and diarrhea. 

The associated pulmonary lesions were interesting. In 17 of the 35 cases 
there was an accompanying acute bronchitis, occasionally of abscess propor- 
tions with bronchiectasis and patchy bronchopneumonia. Cultures of the lungs 
revealed a staphylococcus to be the predominating orgar‘sm in 17 instances. 
However, only in 7 of these was this Staphylococcus aureaus. The lung in 9 
cases showed an intestinal involvement as in primary atypical pneumonia of unde- 
termined origin 


COMMENT 


The cause of death in the patients in whom the retained pancreatic 
secretion occurred varied so widely that it has been impossible to ascribe 
definitely any factor as a causative agent of the retention. The most 
pronounced lesions were found in 2 cases of diarrhea of the newborn. 
Baggenstoss, Power and Grindlay * likewise observed a high incidence 
of this lesion in diseases of the intestinal tract. The drastic changes 


in metabolism in the 2 diarrheic infants, as well as in the terminal state 
in some of the other patients in our series, suggests that the basis for 
the perverted secretion may lie in a disturbance of metabolism interfer- 
ing with proper reparative synthesis of the pancreatic secretion. The 
zymogen in normal pancreatic cells is apparently depleted and renewed 
about every twenty-four hours. The synthesis of a secretory enzymatic 
product capable of splitting protein, fats and carbohydrates is conceivably 
complex, and the final product might readily be altered in composition 
by deficiencies or changes in the precursors necessary for its formation. 
The decrease of trypsin in the pancreatic juice in cystic fibrosis and the 
diminution of amylase in celiac disease recently shown by Andersen * 
are evidence of qualitative chemical alterations which may obtain in 
pancreatic secretion. The first condition is irreversible and fatal; the 
second responds to treatment. Andersen further suggested that there 
is some minor deficiency in the digestion of protein in celiac disease. 
It seems plausible, therefore, to anticipate that the drastic changes in 
metabolism which occur in fatal uremia, diarrhea of the newborn or 
pyloric stenosis may be reflected in the anlage necessary for the synthesis 
of the pancreatic secretory product. A second hypothesis recently sug- 
gested by Baggenstoss, Power and Grindlay * for the origin of cystic 


4. Baggenstoss, A. H.; Power, M. H., and Grindlay, J. H.: Am. J. Path. 
24:692, 1948. 
5. Andersen, D.: Am. J. Dis. Child. 68:643, 1942. 
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disease of the pancreas might likewise be applied to the etiology of 
benign retention of pancreatic secretion. According to this theory, 
either a deficiency or an inhibition of secretin, the hormone which is 
responsible for the more watery character of the secretory product 
flowing into the acini, increases the viscosity of the pancreatic juice. 
This increased viscosity could lead to retention and inspissation in the 
acini and ducts. 

The fact that the pancreases showing marked acinous retention 
associated with epithelial degeneration are identical with those observed 
in early cases of pancreatic cystic disease, as has been illustrated by 
Farber’s® studies, suggests that knowledge of the mechanism of the 
benign retention may yield an approach to the solution of the genesis 
of cystic fibrosis of the pancreas. 


SUMMARY 

During the years 1944 to 1947, in 35 (13.7 per cent) of the 256 

autopsies performed pancreatic tissues were removed which showed 

microscopically a retention of acinous secretion not related to cystic 

disease of the pancreas and not associated with clinical symptoms. The 

alteration of the secretion was apparently due to some metabolic fault 
reflected in the synthesis of pancreatic enzyme.’ 


6. Farber, S.: Arch. Path. 37:238, 1944 

7. In the interim between the acceptance and publication of this article there 
appeared another article by A. H. Baggenstoss (Am. J. Path. 24:1003, 1948) in 
which similar retention of pancreatic secretion was described in pancreases from 


adults 
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